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PREFACE TO THE FIRST EDITION. 



The following pages formed the substance of a 
short series of articles on Chemistry, which origi- 
nally appeared in the columns of the &ardeneT%* 
Chronicle. The interest which they excited in the 
readers of that journal, has led to their Republica- 
tion in a separate and more complete form. It 
would have been easy to have greatly increased the 
size of the book; and indeed it was frequently very 
difficult to select from the mass of information which 
exists those facts which appeared most worthy of 
notice. The original object of the Author was to 
give such an. elementary sketch of the science as 
should enable those ignorant of the subject more 
readily to comprehend the works of the various 
authors who have written on Agricultural Chemistry. 
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As a general rule, care has been taken, as much as 
possible, merely to give well-established facts, or, 
when doubtful theories are mentioned, to state dis- 
tinctly that they are more or less problematical. 



PREFACE TO THE THIRD EDITION. 



In accordance with numerous suggestions, very 
considerable additions have been made to this little 
book^ in preparing it for a new edition; several 
important practical matters, not treated of in the 
former editions, having been introduced. Brief 
descriptions of the more important of the domestic 
arts, such as wine and vinegar making, brewing, 
the manufacture of spirits, baking, cheese-making, - 
cookery, &c., have been added; together with some 
account of the scientific principles involved in those 
arts. Numerous recent analyses of agricultural 
crops have likewise been given, and the whole has 
been carefully revised, and corrected. 

E. SOLLY. 

Tavistock Square, Lojidon, 
Nov: I, 1850. 
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INTRODUCTION. 



No branch of knowledge has made more rapid pro- 
gress, daring the last hundred years, than chemistry. 
From being merely a ^confused collection of marvel- 
lous facts and incomprehensible phenomena, it has 
beconve a definite and methodical science: no longer 
mysterious a^ full of uncertainty, but based on 
clear and simple laws, the knowledge of chemistry at 
onoe gives us the key to a great number of natural 
changes and phenomena, which without it, would be 
quite unintelligible. 

Chemisti^ is intimately connected with all other 
sciences; for it embraces the study of the various 
forms and conditions of matter, their nature 9.nd pro- 
perties, and the changes whichy either from natural 
or artificial causes, they undergo. The study of 
chemistry is of the greatest impwtance in relation to 
the arts of life^ '^hich all depend more or less on 
1 
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cbemical principles. Hence, a knowledge of this 
science enables us more readily to understand the 
processes of the manufacturer, points out the best and 
most economical mode of effecting his objects, and 
teaches how that which was before useless and of no 
value, may be converted into sources of wealth and 
happiness. 

It is needless to point out examples of th« influence 
which the progress of chemistry has had on our 
manufactures ; for every one of them owes, more or 
less, directly, its present improved condition to the 
labors of the chemist. Such being the case, it be- 
comes interesting to inquire, What has chemistry 
done for agriculture^ the most important, because the 
most necessary, and most extensively practised, of 
all the arts? It is remarkable that agriculture 
should have received infinitely less assistance from 
the labors of chemists, than any other art ; but this 
ceases to be surprising, when we consider tow little 
attention Was paid by the ancient chemists to that 
subject. — The chemistry of the earthy and metallic 
substances presented to them easier and more attract- 
ive objects of inquiry; they were led away by the 
visionary hope of discovering a niode of making 
gold ; and they consequently neglected everything, in 
order to try all sorts of experiments, in the vain idea 
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of convBrting lead, iron, &c., or the base metals as 
they called them, into gold. Hence, it is not to be 
wondered at, that the chemistry of the metals was 
■Studied and investigated, long before the nature and 
properties of vegetable and animal substances were 
examined, ^he labors of the alchemists brought to 
light many valuable discoveries respecting the uses, 
nature, and properties, of earthy and metallic sub- 
stances; but it was only in the last century, when 
the constitution of the air and other gaseous bodies 
was discovered, that anything approaching to correct 
ideas respecting the nature of animal and vegetable 
substances was entertained. 

The important discoveries of Dr. Priestley led the 
way to a complete revolution in the science, and may 
almost be said to have laid the foundation of agricul- 
tural chemistry. It is true that, before his time, 
there had been many careful and accurate observers, 
and multitudes of laborious and valuable experiments 
have been made on plants, by such men as Van Hel- 
mont — Evelyn—r-Boyle — Hales, and others ; but, be- 
fore the time of Priestley and his contemporaries. 
Bonnet, Ingenhousz, Henry, and Percival, little pro- 
gress had been made in studying the chemical 
changes on which the growth of plants depends. We 
are indebted to Hales for much curious information 
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respecting the rise and motion of the sap in plants, 
the perspiration, or evaporation, which is constantly 
going on to a greater or less extent, from the surface 
of the leaves, and the effects of various substances 
on plants; his chemical speculations, however, are 
for the most part, of little value, though he was often 
apparently on the point of making important disco- 
veries. The discovery of carbonic ticid gas, or fixed 
air, by Dr. Black, and the beautiful experiments of 
Priestley, opened a new field of inquiry and research: 
he observed that plants possessed the property of 
purifying the air; in fact, that they lY^re able to 
decompose the carbonic acid gas which it always con- 
tains in* small quantity; appropriating the carbon, 
and restoring back to the atmosphere the oxygen, or 
vital air, so necessary to the processes of respiration 
and combustion. The knowledge of this great fact, 
necessarily led to many minor discoveries respecting 
the growth of plants, and the sources of their food. 
After this period. Organic Chemistry^ began to attract 
la large share of the attention of chemists, the com- 
position of vegetable substances was carefully inves- 
tigated, new. modes of analysis were discovered, and 
an immense mass of curious and useful facts was col- 
lected. A great number of chemists occupied them- 
selves with researches in Vegetable (^hemistry, but 
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for the most part they were employed in examining 
the innumerable substanoes which plants produce; 
whilst the great questions as to the food of plants, 
their growth, and nourishment, were loft very nearly 
in the same state which the experiments of Priestley 
and Ingeiihousz had brought them to. 

At the end of the last century, and in the com- 
mencement of the present, Organic Chemistry made 
rapid advances ; the labors of Hassenfratz, -Hum- 
boldt, Berzelius^ Saussure, Senebier, Einhof,. and 
Davy, contributed to throw light on many parts of 
the subject ; whilst the investigations of Gay-Lussac, 
Hatchett, Lampadius, Lavoisier^ Marcet, Prout, 
Thompson, Yauquelin, Th^nard, and others, in all 
parts of Europe, le^ to a more complete and accurate 
knowledge of the nature, composition, and properties 
of organic matter. 

The first chemist who wrote on agriculture appears 
to have been J. G. Wallerius, who, in 1754, published 
a book on the Cause of Fertility. Even before this 
time, however, several books had been written on 
agriculture, in which attempts were made to explain 
the operations of farming on chemical principles; 
such, for example, were The Rational Farmer^ 
1743, a curious book, containing numerous accounts 
of rude chemical experiments, together with a num- 

a* 
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ber of sound practical facts: the author, however, 
was evidently not a chemitft. Wallerius was sue-, 
ceeded by several other authors, amongst whom 
ought to be mentioned CuUen, Pearson, Gyllenborg; 
De Beunie, Buckert, Einhof, and Dundonald; but 
the speculations of these authors (though ingenious) 
were, for the most part, crude and incomplete. The 
writings of Einhof were valuable -for the numerous 
accounts of careful experiments which they contain ; 
the analyses, though not carried to that degree of 
minuteness which subsequent discoveries led to, were 
trustworthy and accurate, and, as such, will always 
continue of value. Humboldt's Sketch of the 
Chemical Physiology of Vegetation^ which appeared 
at this time, is a book of far higher talent than those 
just mentioned, and contains enlarged views and 
cautious generalizations, which the subsequent pro- 
gress of science has in most cases confirmed. At 
the commencement of the present century, when 
Organic Chemistry was rapidly advancing, Berzelius 
and Davy endeavored to apply the conclusions to be 
. derived from chemical experiments, to agriculture. 
If the deductions which they made were not always 
correct, and if the plans which they proposed did 
not always produce the effects which the authors 
anticipated, it must be remembered that they were 
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amongst the first to take the subject up, and that 
though they did so under far more favorable circum- 
stances than their predecessors did, yet that even 
then the science of organic chemistry was in many 
respects very imperfect and incomplete. 

During the last forty years, many important 
additions . have been made to this department of 
Chemistry; improved and more accurate modes of 
chemical'investigation have enabled more exact ana- 
lyses to be made of the different varieties of organic 
matter; the composition of those substances which 
constitute the bodies of animals and plants has been 
accurately and carefully ascertained. At the same 
time, many valuable observations have been made 
respecting the functions of plants, the conditions 
requisite to germination, the formation of flowers 
and seed, the chemical changes attendant on the 
ripening of fruit, the office performed by roots and 
leaves, and a variety of other important subjects 
of inquiry. The names of Liebig, Schubler, and 
Sprengel, in Germany; Braconnot, Boussingault, 
Chevreul, Colin, Chaptal, Dumas, Edwards, and 
Payen, in France ; and of Daubeny, Fownes, John- 
ston, Pepys, Turner, Christison, and Way, in our 
own country, deserve. especial mention. 
. Even in so short a sketch of the subject as this, it 
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would not be right to omit altogether thef ftame of 
Grisenthwaite, whose book on the theory of Agricul- 
ture (1819) is remarkable for the enlarged aqd ex- 
tended views which it contains* It is true that the 
author falls into many errors; but, at the same time, 
he was the first who entertained correct views of the 
iinpoi'tance of nitrogen i^a an element of manure, and 
of the necessity of supplying phosphates, as well as 
substances containing nitrogen, to plants, like wheat, 
chiefly cultivated for the sake of the azotlzed princi- 
ple which renders them valuable as food. 

Intimately connected with the progress of Vege- 
table Chemistry, is the study of Vegetable PhysioT 
logy: a knowledge of the. one is essential to a perfect 
comprehension of the other; for it is impossible well 
to understand the chemical changes going on in the 
ot'gans of plants, if we are wholly ignorant of the 
forms and structure of those organs; and, on the 
other hand, the most complete knowledge of the 
anatomy of vegetables could never lead any one to 
sound and correct conclusions respecting the nutri- 
tion of plants. It is rather to be regretted that 
both Chemists and Physiologists have appeared to 
avofd availing themselves of the advantages which 
each might have derived by studying the results that 
the others had obtained; it is only by comparing 
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together -the obderyaticmg of both, that correct con- 
cluaions can be formed. The- obserrations made by 
the older physiolpgmts, like those of their chemical 
contemporaries^ were mostly imperfect, and the deduc- 
tions they formed, were, in consequence, very fre- 
quently erroneous; the modes of examination, and the 
instruments which they employed, were far less per- 
fect Uian those which have been used in more recent 
times. Nevertheless, the observations recorded by 
Grew, Malpighi, and Duhamel, are of considerable 
value ; they may be said, indeed, to have laid the 
foundation of Vegetable Physiology. As the study 
of Botany itself advanced, greater care was bestowed 
in examining the structure and anatomy of plants; 
apd, from the labors of many zealous and careful 
observers, there has resulted a tolerably complete 
system of Vegetable Physiology. In recent years, 
De Candolle, Brongniart, Decaisne, Dutrochet, and 
Mirbel, in France; Link, Mohl, Meyen, and Schlei- 
den,. in Germany;. Amici, in Italy; and Brown, 
Griffiths, Henslow, Knight, and Lindley, in England, 
have, besides many others, made valuable additions 
to Vegetable Physiology. The relations of plants to 
climate, and the in'fluence of heat, light, and moist- 
ure, have also, been studied ; especially by Daniell 
and Ejoyle in our own country. 
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Amongst the names of those who hav^ contributed 
to the. science of Agricultural Chemiatry, that of 
Liebig stands pre-eminent. The thanks of all are 
due to him, both for the valuable and laborious ex- 
periments he has performed, and likewise for the 
exertions which he has made to remove th^ many 
doubts and uncertainties that surrounded the very 
elements of the subject. But little has been done 
since the days of Priestley and Ingenhousz to prove 
how plants obtained their food, what were the sources 
whence they derived the elements of organic matter, 
and the nature of the office performed by fttadures- 
Chemists, and likewise physiologists, had formed, 
many ingenious speculations; but they had not em- 
ployed the only real mode of getting at the truth, 
namely, well-selected and carefully performed expe- 
riments. Liebig, in his Organic .Chemistry applied 
to Agriculture and Physiology^ has strongly drawn 
attention to these important questions ; he has exposed 
the fallacy of many of the theories which had been 
formed -to explain them, and has established, on good 
evidence, the simple chemical rules which regulate 
the growth of plants.- 

Although the experiments of Priestley and Ingen- 
housz had shown that plants possess the power of 
decomposing Carbonic Acid; and, although they had 
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advanced numerous arguments to prove that plants 
derive the carbon which they contain from the de* 
composition of that gas; yet this doclrine, although 
admitted by many physiologists, was by no means 
universally believed by chemists. M. Hassenfratz, 
in ' particular, opposed these views, asserting that 
plants did. not derive their carbon from the decom- 
position of carbonic a^id existing in the air, biit 
absorbed it direct from the soil, in a state of suspen- 
sion or solution; he gives the name of carbon to the 
brown substance left on the evaporation of dung 
water, and, in fact, to the various modifications of 
decaying organic matter, subsequently described 
iinder the general name of Humus. Few experi- 
ments, indeed, were made to show that the explana- 
tion of Priestley and Ingenhousz was improbable; 
but^t was conceived that plants must derive their 
carbon from the soil, and many' theories were formed 
to explain the mode in which they might he supposed 
to obtain it. These theories have been rigidly ex- 
amined by Liebig, and the results of his investigation 
have shown, that the old views put forth by Priestley 
and Ingenhousz were in truth cdcrect. 

It h^ long been known that plants consist of 
Carbon, Oxygen, Hydrogen, and I^itrogen, and also 
that they invariably contain a small quantity of inor- 
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ganic, or earthy and saline matters. The presence 
of Nitrogen waia formerly greatly overlooked, in 
analyses of vegetable substances ; it is contained in 
less quantity than the other three elements of 
organic matter, and was very commonly regarded as 
being merely accidental, and not a necessary consti- 
tuent of plants. Improved modes of analysis have 
proved that nitrogen always exists in the same pro- 
portion, in certain constituents of plants; and, as it 
appears that these substances are also those which 
form the most valuable part of food, it becomes a 
question of the first importance — ^Whence do the 
plants derive th^ir Nitrogen? They obtain it, prin- 
cipally, if not wholly, from the air; they do nof 
absorb it in the free and uncombined form, but. they 
absorb it combined with Hydrogen and with Oxygen, 
in the states of Ammonia and Nitric Acid. 'The 
importance of the earthy substances in plants was, 
likewise, greatly overlooked formerly. ^ It has been 
proved, by repeated experiments, that these sub- 
stances are of the greatest importance in the growth 
of plants, being quite essential to their development. 
Although much hsA been' done, and although' che- 
mists have labored to remote the perplexities which 
encompassed the subject, there is still a -very great 
deal which requires investigation; many important 
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points .are as jet imperfectly^ or even not at all^ 
explained, and manj questions m&st be satisfactorily 
settled before a complete system of Agricultaral 
Chemistry can be established. Till these difficulties 
are removed, it is premature to expect that Chemistry 
ean be of more than partial assistance to Agricnl- 
tore; for, whilst many of the fundamental laws of 
Agricultural Chemistry are still scarcely understood, 
all attempts to apply them to practice must be in- 
complete, and liable to error. 

Xhe compodtion of the principal varieties of 
organic matter is well known; the substances which, 
by combining^ together, form the various constituents 
of plants, have been ascertained. The food of 
plants, the great. sources whence they derive it, and 
the manner in which they absorb it, are known. 
The various changes which organic matter undergoes, 
the conversion of one substance into another, and 
the influence which these changes have on the growth 
of plants, is likewise .easily understood; nearly all 
the purely chemical operations which are concerned 
in their nutrition, can be explained by reference to 
shaple chemical laws; but there are many most im- 
portant phenomena which are as yet wholly in the 
dark. Thus, lor example, the manner in which wood 
is formed ; and, indeed, all those natural operations 
2 
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in Tthich cellular or organized matter is generated 
under the influence of light and heat, are but very 
Jit^perfectly explained. A knowledge of the chemical 
composition of soils, and the various substances em- 
ployed as manure^, enables us to comprehend th^ 
mode in which the latter act ; and a knowledge of 
the nature of those substances which plants require, 
points put the best and most economical methods of 
restoring to the soil, by manures, those substances 
which plants remove from it: but our. knowledge of 
this part of the subject is very far firom being com- 
plete; for although it is certain that, in addition to 
the great elements of organic matter, which plants 
derive from both air and soil, they likewise absorb 
small quantities of inorganic or mineral sul^stanees 
from the soil exclusively, the oflSce performed by the 
latter in the vegetable economy is not yet well under- 
stood. Many theories, indeed, have been formed 
respecting their use,^ but very little is positive^ 
known on the subject. 

Although Agricultural Chemistry is in this imper- 
fect state, and though much still remains to be done 
in tha^ branch of science, yet it is so far advanced as 
to, be able to render substantial assistance to the 
practical agriculturist. It can teach him the princi- 
ples which govern the growth of plants, and, conse^ 



IKTEODUCTION. XXVll 

quentlj, guide him in the application of artificial 
means to produce the most beneficial results. He 
must, however, not expect too much from the aid of 
Chemistry, nor give himself blindly up to specula- 
tions or theories. Whilst he gives due credit and 
belief to well-authenticated facts, he must always 
receive theories with caution and doubt. 

Perhaps the most important advantage which a 
practical man may at present derive from a know- 
ledge of Agricultural Chemistry, is connected with 
the lise of manure. If he knows what it is that 
gives the fertilizing powers to manure, and is aware 
of the nature of those substances, he will sooh learn 
the best method of preserving and using them; he 
will then understand how to make the most of the 
various sources of manure at his disposal, and he 
will be enabled readily to save mtich, that, for the 
want of such knowledge, would otherwise be lost. 



RURAL CHEMISTRY. 



CHAPTER I. 

COMBINATION— DECOMPOSITION — AIR — WATER. 

- 1. The object of Chemistry is to determine accu- 
rately the properties ' of all natural substances, to 
study the changes which are going on in Nature, to 
find out the rules which govern them, and the manner 
in which these natural operations are influenced by 
circumstances. 

2. In pursuing these inquiries, the chemist is obliged 
to proceed slowly and with great caution; it is quite 
impossible for him to predict beforehand the result 
of a new experiment; he must try it, and then, if it 
has been properly conducted, it always furnishes him 
with a n^w fact, for he is sure that, on repeating it in 
the same manner, he will obtain the same result. 
Hence Chemistry is purely an experimental science ; 
every fact is the result of careful experiment, and 
every theory is deduced from the study of such facts. 
The greatest care must be taken to distinguish facts 
from tl&eories; the former are well-established and 
8 
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unquestionable trtiths, the lajtter are plausible con- 
jectures, to which we are led by the attentive study 
of facts. When a chemist has made a number of 
experiments, or has observed many phenomena, he 
endeavors to ascertain the causes of the effects he 
has been studying. He selects the most probable 
explanation, and adopting it as a theory or view, to 
be confirmed or disproved by future experiments, 
proceeds to try in all possible ways the truth of his 
conclusion. By thus forming a theory he is enabled 
to arrive at the truth more easily than if he were 
merely to continue making experiments at random. 
It is by reasoning on the results of thousands.of ex- 
periments that chemists have been enabled to reduce 
the science into a useful form, as they have thus been 
led to discover certain great leading la^s, which 
govern all chemical changes or operations. 

3. Nearly all the changes which are . going on in 
Nature may be classed under two heads. The one 
kind of change is that which takes, place when twa 
substances come together which have, as it were, an 
attraction or aflSnity for each other. As a familiar 
example of what then happens, we may take the comr 
mon process of soap-boiling. When an alkaline or 
caustic lye is boiled with tallow or fat, soap is formed. 
The alkali which is contained in the lye has an attrac- 
tion for the fat; the two become thoroughly mixed, 
and combine or unite together, and form a new Bub- 
sti^nce, quite different from either the fat or the alkali^ 
which new substance is culled soap. 
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4. This kind of action is quite distinct from simple 
mixture. When we mix together two substances — 
such asy for example, brown sugar and sand, no change 
takes place, however long they are kept together, or 
in whatever way thej are treated, for they have no 
affinity or attraction for each other; and, therefore, 
if boiling water is poured upon the mixture, it will 
soon dissolve out all the sugar and leave the sand, 
and neither the sugar nor the sand will be at all 
altered by having been mixed. 

5. When we mix two substances which have an 
attraction for each other, they are both changed, and 
the new substance formed by their union is quite^dif- 
ferent from either ; and when two substances are thus 
united or combined together, they are not so easily * 
separated as when merely mixed, because they require 
the exertion of some attraction more powerful than 
that which made them combine, to cause their sepa- 
ration. In the case of the soap just mentioned, the 
compound of fat and alkali does not resemble either 
of its components ; it is different from the ley in not 
being caustic, and differs from the fat in being easily 
soluble in w&ter. 

6. It is a rule which holds good in all cases, that 
whenever two substances combine or unite together, 
and form a new substance, the properties of the new 
substance are quite different from those of either of 
its components; but when two substances are only 
mixed, the properties of the mixture are intermediate, 
or half-way, between those of its two components : 
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thus, in the mixture of sand and sugar, we may easily 
recognize both substances, for the characters of 
neither are altered by being brought together. 

7. Another common case of affinity is observed 
when we slake quicklime. Quicklime has a strong 
affinity for water, and when it is wetted, it becomes 
very hot; the lime combines with a quantity of water, 
and when is has cooled) we find that the lime is much 
altered, haying to a great extent losjb its strong 
caustic properties,^ and become slaked, as it is termed. 
Here again we observe that the properties of the com- 
pound diflfer remarkably from its components. Dry 
caustic lime, in combining with water, forms a dry 
compound of lime and water, the water becomes solid, 

'entering into the composition of a dry solid powder, 
whilst the lime no longer possesses the power of heat- 
ing when water is poured over it^ and has become less 

* caustic (235). . 

8. It may perhaps seem as if these two examples 
of the change produced by attraction or affinity were 
processes of Art, and not of Nature. They will, how? 
ever, serve as examples of what is going on in a great 
many natural operations ; and as we proceed with the 
subject, it will be evident that^this kind of change, 
by which two or more different substances unite and 
form one new substance, is exceedingly common 
throughout Nature. 

9. The second kind of change which we shall have 
to consider, is that which gdes on whenever anything 
decays. This change is quite opposite in its nature 
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to that which we have just been describing. It takes 
place whenever any substance is separated or divided 
into its component parts. Thus, to return again to 
the quicklime, which is made by butning chalk or 
limestone, we say that the chalk or limestone is decom- 
posed, when, bj burning or heating it in a very hot 
fire, whatever it contains which can be roasted out 
by fire, is driven off*, and the lime only remains 
(118). - 

10. The decomposition of a substance is also effect^^ 
ed when it is mixed with anything whibh has a very 
strong attraction for one of its components. Soap is 
made by the attraction which the alkali has for fat 
(3) ; but if we add to a solution of soap in water, any- 
tiling which has a stronger attraction for the alkali 
than the latter has for the fat, we shall decompose 
the soap: there are many substances which have 
the power of doing this, but it is sufficient now to 
mention one. If vinegar is poured into a solution of 
soap, the soap is decomposed ; the fat is separated 
and floats on the si^rface, and the yinegar combines 
with the alkali of the soap. 

- 11. This kind of change is always going on when 
anything decays of putrefies, and therefore is of con- 
siderable interest in connection with Manures ; but in 
fact, combination and decompositionare lilmost always 
going on at the same time in most natttral changes, 
for when a compound consisting of severitl different 
substances is decomposed^, it is generally found that 
• 3* - 
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these substances again combine together,, one with' 
another, to form various other compounds (105, 145). 

12. Combination takes place wheneyer substances 
are brought together which have an affinity for each 
other, under (Citable circumstances ; chemical action 
then takes place, and a compound is formed. De- 
composition of a compound, is caused either by the 
influence of some external power, the presence of 
some substance capable of acting on one of the ele- 
ments of the compound, or some influence able tO' 
weaken the chemical affinity which binds these ele- 
ments together. - 

13. Combination is often modified and controlled 
in a very remarkable manner by circumstances, ac- 
cordingly as they are favorable or ui^favorable to 
the union of the substances brought together. Fine 
division, or any other method whereby the* particle^ 
ate enabled readily to mix or come in contact, gener- 
ally assist combination. When two solid lumps are 
placed in contact with each other, they are only able 
to touch by a very few points, and hence in many 
cases do not combine even though they have an 
affinity for ea^h other. If they are finely powdered 
and well mixed they are much more able to combine ; 
and for the same reason if they are fusible, heat, by 
rendering them .fluid, and thus enabling the particles 
more easily to mix, assists their combination. 

14. A similar effect is produced by solution in 
water. In a common Seidlitz powder or saline 
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draught, we have two sotutionci mixed together, which, 
are able to act on each other, but cannot do so in the 
dry state ; when water is added they are brought 
thoroughly in contact, and chemical action at once 
takes place. In many cases combination is greatly 
assisted by heat, which exalts the chemical affinity that 
the substances have for each other (35). 

15. Precisely in the same way decomposition is 
often curiously affected by various circumstances. 
Some compounds decomposie spontaneously ; they 
cannot be kept any time, and without any external 
influence they undergo decomposition ; this is espe- 
cially the case with many animal and vegetable 
substances (354). Decomposition is frequently caused 
by t^'e influence of light (187, 296, 699), or heat (9, 
119, 233). The decomposition of many compounds, 
likewise, is caused by the preience of particular sub« 
stances. A great number of different organic . sub- 
sti^nces are decomposed when a small, quantity of 
some other substance in an active state of decom- 
position is mixed with them ; this may be called 
decomposition by example ; it is a very singular form 
of decomposition, and is termed fermentation (365). 
A similar change is sometimes caused by the mere 
presence of a particular substance, even though it is 
not Itself undergoing any change whatever at the 
time (361). 

16. It is a common saying that there are only four 
elements ; air, earth, fire, and water ; and many 
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people believe that all things are composed or made 
up of these four elemeivt^. This is very incorrect, 
becanse there are many substances which do not con- 
tain any of these so-called elements ; and they are, 
besides, themselves compounded of many different 
substances. The term elements, in the sense in which 
it is used by chemii^s, means a certain set of simple 
substances, which, by combining or uniting together, 
form all the various matters that occur in Nature. 

17. To return once more to t)ie example of soap, 
we may say that the elements of soap are alkali and 
tallow ; but then the question will arise, what are 
the elements of tallow and alkali ? which can only 
be ascertained by chemical experiment's. In this way, 
then, we may analyze, or as it were pull to pieces, 
different substances, till at last we find that we are 
unable to separate or decompose them any further, 
and the substances which then remain are caUed ele- 
ments, or simple substances, tf is possible that 
chemists may hereafter discover that some of the 
substances now called elements are really compounds, 
and of course it is impossible to prove that they are 
not so; all therefore that is meant by the term ele- 
ment, or elementary substance, is that chemists have 
not yet been able to prove tbem to be compounds. * 

18. There are Upwards of sixty of these elements, 
but it will not be^ necessary to study the nature apd' 
properties of the whole series, because many 6( them 
are of very rare occurrence, and found only in small 
quantities. 
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19.. Tbe following is a list of all the substances 
which are at present considered as being simple^ or 
elementary : — 



1. Aluminum 

2. Antimony 

3. Arsenic 

4. Barium 

5. Bismuth 
*6. Boron 

7. Bromine 

8. Cadmium 

9. Calcicuin 

10. Carbon 

11. Cerium 

12. Chlorine 

13. Chromium 

14. Cobalt 

15. Columbium 

16. Copper 

17. Didymium 

18. Erbium 

19. Fluorine 

20. Glucinum 

21. Gold 



22. Hydrogen 

23. Iodine 

24. Iridium 

25. Iron 

26.. Lantanum 
27.^Lead 

28. Lithium 

29. Magnesium 

30. Manganese 

31. Mercury 

32. Molybdenum 

33. Nickel 

34. Niobium 

35. Nitrogen 

36. Osmium 

37. Oxygen 

38. Palladium 

39. Pelopium 

40. Phosphorus 

41. Platinum 



42. Pot9>88ium 

43. Rhodium 

44. Ruthenium 

45. Selenium 

46. Silicon 

47. SQver 

48. Sodium 

49. Strontium 

50. Sulphur 

51. Tellurium 

52. Terbium 

53. Thorium 

54. Tin 

55. Titanium 

56. Tungsten 

57. Uranium 
58.. Vanadium 

59. Yttrium 

60. Zinc 

61. Zirconium. 



20. We will commence with those substances which 
are of the greatest importance, whether simple or com-9^ 
pound, and gradually go through them, before enter- 
ing upon the Chemistry of Vegetation. Foremost in 
importance, of the substances whose properties we are 
about to study, stands tbe Air. 

21. We are too apt to think of the Am ds being 
merely empty spacfe; we move about through it with- 
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out feeliDg any resistance, and^ from its being invisible 
and totally unlike anything else we know, many for* 
get its existence altogether. The fact is, that every 
part of the surface of the globe is surrounded by air, 
which floats on its surface almbst like water. 

22. It is easy to prove that the air is really a sub- 
stance. When we try to squeeze together the sides 
of an inflated bladder, the mouth of which is tightly 
tied up, we feel that the bladder is full of something 
which resists the pressure ; 'this something is the air 
which it contains, and which, though so easily dis- 
placed, or pushed aside, by anything moving through 
it, resists strongly any force applied to it when thus 
confined in a limited space ; and if whilst we are press- 
ing the bladder we prick a hole in it, the air then 
rushes out, we feel that the resistance is gone, and 
the sides of the bladder are easily squeezed together. 

23. And again, when working a pair of bellows, it 
is the resistance of the air which we have to overcome 
by the force of the arms, which constitutes the labor 
of working the bellows ; and if the nozzle of the bel- 
lows is stopped up, we presently find that it is impos- 
43ible to go on working the bellows any longer, because 
having forced in as much air as -it canhold^ the natu- 
ral tendency of the air to resist compression prevents 
any more from entering. 

24. Although we are so forgetful of the very i&xist- 
ence of the air, it is of the greatest importance to all 
our daily occupations, and eyen to life itself. With- 
out air nothing could burn;- we could have neither 
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fires nor lights ; and, indeed, vithoat air neither ani- 
mals nor plants could live, for it is just as essential 
to the life of animals as it is to the growth of plants 
and the burning of coals and candles. 

25. If a lighted candle is put into a large glass hot* 
tie, and the mouth of the bottle is then stopped up, 
the candle soon gets dim, and in a short time goes 
out : the air is no longer able to keep it alight. If 
ve put a second lighted candle into the bottle it will 
go out immediately. Were a living animal substitut* 
ed fo]> the lighted candle, after living for a certain 
time in a confined portion of air, it would die, and 
a second animal placed in the air would immediately 
expire. 

26. The question now will naturally arise : Is the 
whole of the air, then, spoiled or used up ; and if it is, 
why does not fresh air enter the bottle and supply its 
place? The truth is, only a small portion, about one- 
fifth of the bulk of the air, is able to feed the flame 
of a candle; the remainder, which cannot feed flame 
nor the life of an animal, is of a different kind from 
the air which can ; and we find that the common air 
which we breathe is a mixture of two kinds of air, or 
GAS, as it is called by chemists ; — ^the one kind, which 
we might call good air, which supports the life of 
animals, and is essential to the burning of fires and 
candles: and the other, or bad air, in which animals 
cannot live, and which immediately pi^ts out fire 
and lights. 

Sir. Chemists call the good air Oxygen, and the 
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bad air Nitrogen, or Azote: bat we must not suppose 
that, because the nitrogen appears thus useless, it is 
really so; for it is, in fact, of very great importance, 
as we shall hereafter see. In the experiment just 
mentioned, of burning the candle in a large bottle, 
the oxygen is all combined with the elements of the 
tallow, for which they have a strong affinity, whilst 
the nitrogen is left unchanged because it cannot com- 
bine with them ; for the dame reason, also, it puts out 
a fresh-lighted candle plunged into it. 

28. Oxygen, when obtained pure, and separate 
from any other substance, is a gas like common air 
in its ordinary characters, but remarkable for the 
very brilliant manner in which all kinds of combus- 
tible matter burn in it. Oxygen may be breathed 
with safety, but it causes all the functions of the ani- 
mal system to be carried on with great vigor and 
rapidity, so much so, that an animal breathing pure 
oxygen would be soon destroyed, from the very power- 
ful effect which the gas would have on its organs. 
Oxygen has a strong affinity for most of the other 
elements, and combines with them to form a numerous 
and important series of compounds. 

29. Nitrogen, though it resembles oxygen in ap- 
pearance, yet differs from it very remarkably in 
chemical characters; it extinguishes flame, and can- 
not support the combustion of any substance ; it is 
irrespirable, suffocating animals if they attempt to 
breathe it pure, and seeming to have very little affi- 
nity for other elements ; at least under ordinary «r- 
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cnmstances, it shows very little tendency to dombine 
with them ; cunder particular circamstancea, however, 
it does fotm compQnnds (147, 163), and some of them 
ar« very curious and important. Common air consists 
of one part of oxygen to four parts of nitrogen: it is 
a mixture, not a compound. 

SO. When a candle burns, it gradually disappears ; 
it grows shorter and shorter, and at last, when all 
the tallow is burnt, the candle goes out ; but we must 
not therefore suppose that it is utterly destroyed. A 
change has taken place ; the tallow, or rather its ele- 
ments, hare combined with the oxygen of a portion 
of air, and two neW compounds, one of which is a gas 
or kind of air, are produced* If we put a piece of 
salt into water, it will get less and less, and at last 
will disappear altogether, having wholly dissolved ; but 
the salt is not destroyed, it is pnly dissolved in the 
water. .' 

31. Now we may compare the burning of a candle 
to dissolving a piece of salt; for all the solid matter 
of the candle remains diffused throughout the air, 
after it is burnt, just as the salt remains dissolved in 
the water; but with this difference, the salt is dissolved 
in the water, but not combined with it. The elements . 
of the tallow are dissolved in the air, but they have 
combined with a quantity of oxygen, because they have 
a strong affinity or attraction for it* If the solution 
of salt, is left for som^ time in a warm place, the 
water evaporates, and we get the salt again un- 
changed ; but in the case of the candle its elements 
4 ' ~ . 
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have combined "with ozygeo, and they cannot be sep- 
arated again from it except by the action of something 
which, having a more powerful attraction for the oxy- 
gen than it has for the elements of the candle, causes 
it to relinquish them. 

82. There are substances which have sufficient 
attraction for the oxygen to effect this : we cannot 
get back the tallow, it is true, but we may obtain its 
elements, or the simple substances^ of which it was 
composed. What has been said with regard to the 
burning of a candle is equally applicable to the burn- 
ing of wood, coal, or in fact any combustible matter. 
In all ordinary cases they burn in consequence of their 
affinity for the oxygen of the air, and they are never 
destroyed when burnt, for their elements may always 
afterwards be found combined with oxygen, in .the air 
in which they have been burnt. 

S3. It must also be remembered that when thd 
candle goes out for want of air, it does not do so 
because all the oxygen is burnt, but because the 
elements of the candle having combined with all the 
oxygen of the air, or, as it were, saturated it, there 
is no more free oxygen left to keep up the combustion 
of the candle. • 

. 84. The changes oocasicmed by chemical action fre- 
quently proceed slowly and quietly, but in many cases, 
and especially when substances combine together 
which have a strong affinity for each other, a great 
deal of heat is given out. Sometimes, as soon as two 
substances are brought together, they combine di- 
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recti J, and become very hot ; this is the case in the 
slaking of lime ; bttt it most usually happens that 
the mere bringing together of two substances, even 
though they have an affinity for each other, is not 
sufficient to caus» them to combine. 

85^ In these cases combination cannot take place 
until the substances are heated up to a certain point. 
Thus, charcoal has a strong affinity for the oxygen of 
the air^ yet it cannot combine with it whilst both are 
ixili ; but as soon as a part of the charcoal is heated 
redhot, combination commences, and this very act 
evolves so much heat that the surrounding parts of 
the charcoal soon begin to burn, and thus the com- 
bustion, or combination of the charcoal with oxygen, 
continues and increases, until either the charcoal is 
all burnt, or the oxygen in the surrounding air is 
saturated with (Carbon, and therefore unable to cause 
the cotnlbustion any more. 

36« The common operation of lighting a-fire is a 
daily illustration of this. The fuel contains carbon, 
or charcoal, ready to combine with the oxygen of the 
air, but unable to do so, until, by applying a light to 
it, we heat a portion up to the p(unt required to com- 
mence combination ^ after which the heat given out 
by the chemical action going on, keeps it alight, and 
causes the combu&tion to spread to the stirrounding 
fuel. 

37. The atmosphere is composed chiefly of two 
diflerent gases, called oxygen and nitrogen: but 
besides this, it also contains a small quantity. of a 
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third gaa or kind of air, "which is not simple, like 
oxygen aind nitrogen, but a compound of charcoal 
(by chemists named carbon) vrith oxygen, and called 

GARBONIO ACID GAS (108). 

88. It is known that all things containing carbon 
will produce a quantity of this gas whilst burning ; 
and hence we can have no difficulty in'acconnting for 
its presence in the air. Indeed, -we might at first sup- 
pose that it must be always increasing in quantity ; 
this, however, is not the case, for we always find ex- 
actly the same quantity in any portion of air that we 
analyze. The cause of this is, that all plants con- 
tain substances which have a very strong affinity for 
carbon, but which cannot combine with it in its solid 
forms, because they are unable to come in contact 
with it ; but which, when the carbon has combined 
with oxygen and become a part of the air, are able^ 
in consequence of their having a more powerful at- 
traction for it, to seize upon the carbon of the car- 
bonic acid gas thus diffused throughout the air and 
cause it to relinquish the oxygen, with which it was 
previously combined (69T, 708). 

§9. These facts 6ht)w us a new use of plants, for 
we learn that the objects which we have only admired 
for their beauty, or valued for their utility as pro- 
ducing articles of food ; that even weeds: themselves, 
and things we usually consider as wholly useless, are 
all constantly, by the agency of attraction 6r chemi- 
cal affinity, decomposii^g carbonic acid gas, and thus 
keeping -the air in an uniform and healthy state (745). 
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. 40. The air then always contains a regalar propor- 
tion of carbonic acid gas, which is constantly pro* 
duced hy the burning of combustibles, and in many 
other ways, and as constantly decomposed by the 
action of plants. As we are . now only considering 
the properties and natore of the air, we will, for the 
present, pass over further consideration of carbonic 
acid gas, to which we shall shortly return (108) when 
studying the nature of carbon, and merely mention 
now that it is of the greatest importance to the life 
of plants, being the principal source from whence 
they derive the carbon necessary for their growth. 

41. The air always contains dissolyed in it some 
water, or rather vapor, which varies in quantity ac- 
cording as the air is hotter or colder. When it is 
hot, a larger quantity of water is evaporated or con- 
verted into vapor, and dissolved in the air, which in 
eonsequence becomes more damp; whilst, on the other 
hand, when the air becomes cold, the vapor in the air 
is condensed, returning to the state, of water, and the 
air becomes drier. 

42. This, of course, is modified according to cir- 
cumstances; thus, in dry barren countries, where the 
ground contains but little moisture, the air, when it 
becomes hot, remains comparatively dry; whilst in 
moist or swampy countries, under similar circum- 
stances, the air becomes damp from the abundance 
of vapor given off; and thus some of the principal 
differences of climate depend mainly upon the quan- 
tity of water dissolved in the air« 

4* 
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43. The solution of water in the air may easily be 
seen, by observing the steam issuing from the spout 
of a teakettle. When the water boils strongly, and 
there is a large volume of steam coming out of the 
spout, we observe that just where it comes out, the 
steam is almost invisible ; at a little distance it be- 
comes white and cloudy, and when it gets further out 
into the air it soon disappears and is agam invisible. 
The reason of this is, that hot steam is quite colorless 
and invisible^ like air ; and it only becomes apparent 
to us when it is partly cooled by rushing out into the 
cold airj and therefore is beginning to condense, and 
it would fall to the ground in a shower of little drops 
like rain, if it w«re not dissolved and carried away 
by the. air, as fast as it issues from the teakettle. 
When a large^quantity of steam is quickly cooled, as 
in escaping from the funnel of a steam-boat, it is con- 
densed, and falls in the form of water. 

44. The quantity of moisture in the air is also ren- 
dered apparent to us, whenever a cold substance is ^ 
exposed to it ; this cools the vapor in the • air so 
much, that it is condensed and appears again as water^ 
in little drops on the cold surface: thus- a bottle of 
cold water brought into warm damp air, speedily be- 
comes covered on th^ outside with dew, or water thtis 
condensed from the air. 

45.' The substance next in importance to air is 
WATER, which exists naturally in three diflFerent 
states: namely, in the solid state as ice; in the fluid 
state in its ordinary condition; and lastly, as vapor 
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OF steam. These three states of water are fami}iar 
to every one, bat few are aware what causes the great 
difference between them. 

46* When ice is placed before the fire, or exposed 
to the sunshine, or in anj other way warmed, it ab- 
sorbs beat, it melts and becomes water; and when 
water is heated, it assumes the form of steam or 
vapor. The difference between these three forms of 
water is entirely caused by the quantity of heat they 
contain ; and we may truly saj that water is a com- 
pound of ice and heat, and that steam is a compound 
of water and heat. 

47. Although this seems very like chemical action, 
it is really quite different, and must not be confounded 
with it. Chemical action can only take place between 
material substances, or those that have weight; now 
heat is not a substance — it is not a thing we are able 
to weigh, like all the chemical elements, and conse- 
quently when it combines with any snbstance^ it only 
alters the appearance and outward characters of that 
substance, but does not at all change its chemical 
properties or nature. 

48. When heat is thus combined with a substance, 
it is said to be latent (hidden), which means that it is 
not sensible to the feeL This will be easily under- 
stood from a'very simple experiment. If we put some 
water in a kettle on the fire, we find that it will soon 
begin to feel warm to the hand if immersed in it; the 
warmth which we then feel is called free or sensible 
beat: but if we put some ice into the kettle in place 
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of water, it will not beeome warm so soon ; the ice 
molts, but the water thus formed will remain ice-cold 
until the whole of the ice is melted^ because all the 
heat supplied to it by the fire is absorbed or combined 
with the ice in melting ; tind therefore as the he'at so 
absorbed does not make the melting ice any warmer, 
it is called latent. When all the ice is melted, the 
water will begin to get warm. 

49. In the same way heat is absorbed, or rendered 
latent, when water is converted into steam. If a 
kettle full of cold water is placed. on the fire it rapidly, 
beomes hot until it begins to boil ; but as soon as that 
is the case it remains constant at the same tempera- 
ture. The fire of course continues to give out as 
much heat as it did before, but the water does not 
become any hotter; the only change is that a small 
portion of it is converted into steam, and this steam 
is not apparently any hotter than the boiling water 
itself was. All the heat of the fire, therefore, be- 
comes latent, and is combined withr the water in thus 
changing it into steam. 

50. When steam is condensed, all that heat wfaieh^ 
became latent during its formation, is given out again, 
in the free and sensible form. This fact is well shown 
in all stills, in which we see how large a quantity of 
cold water is necessary to cool and condense a com- 
paratively small quantity of any steam or vapor. If 
a gallon of water is converted into steam, the steam 
formed will not be sensibly any hotter than boiling 
water, yet it contains so much latent heat that, if it is 
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condensed into the liquid form again, we sball obtain 
a gallon, of boiling hot water, and beat enougb will 
be given out during its condensation to raise seven 
gallons more of eold water to tbe boiling point. 

51. the very large proportion of beat wbicb steam 
therefore contains in this latent state, shows why 
steam is such an excellent means of conveying heat 
about from place to place, aa in tbe arrangements 
for warming buildings, beating coj^ers, &c. It is 
quite as hot as so much boiling water, and, in addi- 
tion, has nearly seven times as much heat thus stored 
up in the latent form, which becomes sensible, how- 
ever, as soon as it is condensed. 

52. The general effect of heat upon substances, 
whether solid, liquid, or gaseous, is to expand o)t make 
them larger ; thus whenever we heat a portion of water 
or any other fluid, it increases in size : upon this fact 
the construction of the common thermometer depends, 
which consists of a bulb and tube containing a certain 
bulk of mercury, or qfiticksilver ; when this is heated 
it becomes larger, and when cooled, the mercury 
shrinks, or occupies less space than it did before. 

53. When a substance expands, or becomes larger, 
it of course becomes lighter. If ten measures are 
expanded by heat to eleven, it follows that ten mea- 
sures of the heated substance must weigh one eleventh 
less than ten measures of it when cold. For example, 
air, when heated, becomes fighter, and consequently 
rises, because, biscoming larger, it weighs compara- 

. tively, bulk for bulk, less than the cool air .around.. 
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54. Air, like water and solid sabstances, has weight 
or gravity ; it presses downwards towards the centre 
of the earth; and, as the bulk of the air is very great, 
the whole weight of it pressing on the surface of the 
globe must be enormous. It is important to dis- 
tinguish between the weight of air, and the weight 
of the atmosphere. By means of a light glass globe, 
an air-pump, and a good pair of scales, we can 
rea<^ily ascertain the weight of a cubic foot of air, 
and we find that, under ordinary circumstances, it 
Weighs thirty-one grains. 

55. The weight of the atmosphere is, however, the 
accumulated weight of many thousand cubic feet of 
air, for the air surrounds the earth to a height of 
many miles, floating upon its surface, and pressing 
downwards in consequence of its weight or gravity. 
The weight of the column of air which rests upon 
any given space or surface, may be known by thrf use 
of the barometer : and is found to be about two 
thousand pounds on the square foot. 

56. The barometer consists of a glass tube nearly 
a yard long, closed at one end, filled with mercury, 
and inserted in a cup of the same heavy liquid. The 
height which the mercury stands iix the tube, is an 
exact measure of the weight of a column of air of 
the same size as the diameter of the tube,' but as high 
as the whole atmosphere. The mercury in the tube 
being very heaty, presses downwards, and tends to 
fall. in the' tube ; but the air without, which also press- 
es downwards, resting on the mercury in the cup. 
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exactly coanterbalances the weight of the mercury 
in the tube, and so keeps it from falling. 

57. When from any circamstance the weight of the 
atmosphere is for a time diminished, it coanterbalances 
a less weight of mercury, and the column of mfercury 
in the tube of the barometer falls ; on the other 
hand, when the weight of the air increases, the mer- 
cury rises. These fluctuations in the weight of the 
air are constantly going on with the changes of the 
weather, and consequently the barometer is a most 
valuable instrument, because it renders evident to us 
the changes in the air, whieh being invisible we should 
not otherwise know of.. 

58. The higher we ascend in the air, either by 
going up a hill or by means of a balloon, the less 
weight of air shaH we have above us, and consequently 
the shorter wiirbe the column in the barometer. 
Hence the use of that instrument in measuring 
heights. The mercury falls about one inch for every 
thousand ^eet as we ascend from the level of the sea. 

.69. We do not feel the weight of the air at all, 
because it presses equ&Uy in all directions, and com- 
pletely surrounds us. The weight of a column of 
air resting on a table four feet square, is about four- 
teen tons ; but this weight does not press upon the 
table, it is met by a corresponding pressure upwards, 
from the air below the table, du^ to the weight of all 
the surrounding ieiir. 

60. In moving through the air, therefore, we merely 
displace it, or move it aside ; but as we do not disturb 
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this equilibmm, or th^ equal prfigsnre in all directionts, 
yre do not feel its weight. On plungiug the hand 
into a pailful of water, we feel very little of its 
weight, only in fact that of the small, portion which 
we displace, because it is much heavier than air is ; 
but if we attempt to lift up the whole pailful, we then 
feel the weight of the whole bulk of water. 

61. Flame seems to ascend in the air ; this is not 
because heat has any tendency to ascend, but. because 
it expands the surrounding air, makes it larger^ and 
therefore specifically lighter than the cold air is, and 
the latter, 1;herefore, displaces it and causes it t<r rise. 
Hot air, though it rises-in the air, nevertheless has 
weight, though it is not so heavy as cold air, A piece 
of cork falls through the air towards the surface of 
the earth, it has weight ; yet the same piece of cork 
rises upwards through water till it reache£( the surface. 
As the cork does not. fall downwards in water, but 
rises upwards, so heated air ascends in the atmosphere; 
noi because it has no weight or, gravity, but merely 
because, bulk for bulk, it has less weight than the sur- , 
rounding cold air. It is. for precisely the same reason 
that a .balloon rises in the atmosphere. 

62. .It is, in fact, a general rule that, when sub- 
stances are heated, they expand ; when water is heated, 
it becomes larger and lighter, and consequently rises 
through t^e cooler portions above it. Just the re- 
verse of this happens when substances are cooled; 
they then become smaller and heavier. 

63. There is one remarkable exception to this rul^ 
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in tlie ease of water ; when water is cooled it eon- 
tracts, and this goes on till very near the freezing 
point; but then the water begins to expand, and in 
place of continuing to contract, as all other liquids 
do, it becomes larger ; this leads to a yerj important 
result in Nature. When the air above the surface of 
a lake or pond becomes cold, as towards the end of 
autumn, it gradually cools the surface of the water ; 
the upper part becoming cold, shrinks, and conse- 
quently becomes heavier, it therefore sinks through the 
warmer *water» This circulation or gradual sinking 
of the cooled water goes on, if the air continues cold, 
until the whole of the water is very near freezing, 
but then it stops ; because if the surface still goes on 
cooling, the water begins to expand, becoming larger 
again, and consequently lighter ; the surface, there- 
fore, gets colder and freezes, whilst the lower part of 
the water remains considerably above the freezing 
point. If it were not for this curious fact, water 
would continue to become colder, until the whole of 
it froze together. 

64. In passing from the liquid to the solid State, 
some substances contract, such as melted lead, for ex- 
ample^ whilst others expand; thus ice-cold water, in 
freezing,'expands very considerably, and therefore ice 
is even lighter than the water on which it is formed. 
Zt is for this reason that ice floats on water, and if 
the ice did not expand in forming, the curious fact j&st 
mentioned would not prevent lakes and ponds from 
freezing entirely, because the ice^ if it contracted ia 
5 
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forming) would, thea sink through the watef to the 
bottom, and thus soon cool the whole mass of water. 

65. This expansion of water in the Bct of freeskig, 
takes place with immense force, giving rise tct.the' 
bursting of water-pipes . and vessels full of w«ter, in 
cold weather. It is often supposed that this effect is 
occasioned by the thaw, and not by the frost. This 
is a mistake; the mischief is caused by expansion at 
the moment of freezing, though we only d»cover it 
on the approach of warm weather, when the ice begins 
to melt. Another, and very important natural result 

. of this power, is the disintegration or breaking up of 
rocks, stones, and soils by frost, daring winter. A 
few drops of water, in freezing, are able to break- 
asunder the hardest rocks, and this effect year, after 
year? gradually destroys them, causing them to.erum- 
hle down into powder (647). 

66. It has already been stated that water is not an 
elementary or simple substance; it is a. compound, 
and consists of two gases. This fact at first seems 
incomprehensible, for we ean hardly believe it possi^ 
ble that a haf d and solid sub^itance like ice, or a 
weighty fluid like water, is composed of eolorlesSt 
and invisible gas. The difficulty, however, greatly^ 
diminishes when we remember that heat. alone, with- 
out adding anything to the weight of ice, converts it 
into water, and that a little more heat will convert 
that water into aifc^ invisible colorless Vapor; for, a» 
has already been said (43), pure hot steam is quite 
invisible, and only becomes visible to us when partly 
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eondenied by tke contact of the colder afar, whiok 
deprires it of .the heat necesBarj to keep it in a state 
of vapor (43, 73). 

67. The consideration of these facts makes the com- 
position of water appear far less wonderful ; for we 
have little diffioalty in believing that steam is com* 
posed of two gases, and we know that steam, water, 
and ice, are, chemically speaking, the same. 

68. One element of water is oxygen gas (28), that 
part of the air which is so essential to life and com- 
bastion: it'constittltes eight-ninths of the weight of 
ice, water, and steam. One thousand parts of water, 
therefore, consist of 

889 parts of Oxygen 
111 " Hydrogen 

1000 " Water. 

69. The other element, or the remaining one-ninth, 
is called hydrogen gas, or inflammable air, because 
it is very combustible, being the basis of the common 
coal gas used for lighting the streets, and entering 
into the composition of the inflammable air or fire- 
damp of mines, and many other combnstible sub- 
stances (82). 

70. Water is not, like common air, a taere mixture 
of two gases: it is a compound, and therefore is quite 
diffbrent in its properties from either of its two ele- 
ments. The very inflammable gas, hydrogen, having 
cojnbined with a certain quantity of oxygen, which 
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is the great promoter of combustion, fonnfl wster, tk. 
compound which we always regard as the greatest 
enemy to fire or combustion. 

71. The purest kind of water which occurs naturally 
is rain-water, for all others, such as spring,. rlTcr, or 
sea-water, are more or less contaminated or rendered 
impure by substances dissolved in them. Thus sea- 
water contains, along with other matters, a large 
quantity of common salt, which in .some plaees is pror 
cored from it by exposing it in shallow pits.td the beat 
of the sun: this causes the water to evaporate, and 
leaves the salt behind, 

72. The composition of sea-water from different 
parts of the world is found to vary slightly. .The 
following table shows the composition of 100,000 parts 
of sea-water from the English Channel. (Schweit- 
»er.) 



Water . . . . . 


i)6,474 


Common Salt .... 


2,706 


Chloride of Potassium ... 


76 


Cholortde of Magnesium 


. 366 


Bromide of Magnesium 


3 


Sulphate of Magnesia . 


229 


Sulpliate of Lime . . . ^ 


140 


Carbonate of Lime 


3 


Iodine .^ • . . • . 


traces 


Ammonia . • « . • 


traces 



100,000 • 

'78. Water may be artificially purified by distil- 
lation; l^hen heated and raised into vapor, all the 



imparitiea are left behind, and ^acoordiagly condensed 
steam k perfectly pore water; there are nnmeroiu 
contriTanoes for thus punfjing water. The common 
stilly which consists of a ressel to generate steam in, 
and s pipe, passing through a tnb of cold water, to 
condense the steam, is a familiar example. - 

74. This explains why rain-water is mneh pnrer 
than other sorts of water, becanse when the heat of 
the sun eraporates water from the surface of the 
earthy aH the imparities which it contains are left 
behind; and of coarse when this vapor is cooled and 
falls down in the form of rain, it most be yery nearly 
pare. 
• '75. Springs, which rise from the groand, always 
. contain earthy matters dissolved in them, which vary 
in nature and quantity, with the soil through which 
the springs rise. The presence of these impurities 
in water in any quantity gives to it that peculiat^ 
charactcfr which is termed hardness. Sometimes 
springs contain a small quantity of iron or sulphur, 
and other substances, which constitute the many 
vajrieties of mineral waters. These matters, like the 
more common earthy impurities, are all derived 
from the beds of stone, sand, or clay, through which 
the springs rise; because the source of all springs is 
rain« water, > which, falling pure from the clouds, 
becomes contaminated by filtering through the eartib, 
and collects in holes and cavities, or^ porous beds 
of salDtd, constituting springs and wells. 

5*- ^ 
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76. The quantity of saline and eartfaj matter in 
spring-water varies from &baat 20 grains to 1800 
grains in the gallon,; when above 100 grains>per gal- 
Ion, it constitntes a mineral water. The average 
qaantitj in ordinary spring- water is from 20 to 8^ 
grains. The most common salts are Sulphate and 
Carbonate of Lime (230), Sulphate, Muriate, and 
Carbonate of Potash and Sodju 

77. Thames-water contains usually from seventeen 
to twenty-four grains of earthy and saline matter per 
gallon, and of this at least fifteen grains consist of 
carbonate of lime. The same quantity of New River 
water contains about nineteen grains of solid matter^ 
and that of the Biver Lea nearly twenty-four grains. 
The chief constit;utent in both these waters is. also 
carbonate of lime. 

78. The proportion of solid matter is almost al* 
•ways greater in well-fwater than in that of rivers, 
A great number of other substances besides those just 
mentioned are oecasionally found in mineral springs; 
amongst these are silica, alumina, oxides of iron, t^i 
manganese, salts of baryta, strontia, magnesia, am- 
monia, &c. 

79. The presence of phosphoric acid in some "WaterB 
has recently been discovered (194). : The following 
analysis of the deep well-water from below the Lon- 
don clay, shows the presence of a considerable quan-; 
tity of phosphoric acid. Ten gallons of the water 
contained five hundred and sixty-four grains of valine 
matter, consisting of 
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Carbonate of Soda 
Sulphate of Soda . 
Choloride of Sodiam 
Carbonate of Lime 
Carbonate of Magnesia 
Pfaoephaie of Lim* 
Phosphate of Ircm . 
Silica .. 



116 

242 

127 

62 

10 

1 



In ten gallons • • 564grafaif, 

80. Besides these saline and earthy substanceSi 
water always contains atmospheric air dissolyed in it. 
This is essential to the life of fishes, and to the growth 
of water-plants^ which cottld not exist if they were 
not thus supplied with common air. 

81. Water is essential to the existence of all plants 
and animals : it constitutes a large proportion of all 
animal and vegetable substances/ it is the principal 
component of iihe blood of animals, and the sap of 
plants, and is of the greatest importance, as being 
the means of introducing into their systems many 
soluble matters, necessary for their healthy growth. 

82. Htdbogen, the inflammable element of water, 
is a substance of considerable interest; it is true, it is 
never found in Nature in a pure and fieparate state, 
but its compounds are abundant, and some of them 
very important; when pur6, hydrogen is an invisible 
transparent gas, lite the air; very combustible, burn- 
ing readily when once Inflamed, and remarkable for 
being so much lighter than common air, that a thin 
Bladder, filled with this gas, would rise through tha 



66 BTBRoasBr. 

air in the same manner that a btibt)Ie of common air 
rises through water. Balloons are sometinies filled 
with pure hydrogen gas, but more commonly carbu- 
retted hydrogen is employed, which, as it consists in 
great part of hydrogen, is much lighter than common 
air. > 

83. The most important of its compounds are 
water, which is formed by its union with oxygen; 
ammonia, a gas which it forips by combining with 
nitrogen ; and carburetted hydrogen or coal-gas, an 
inflammable gas consisting of hydrogen and carbon^ 
The two latter will shortly come under notice (131, 
148). 

84. As hydrogen is the lightest gas known, it is 
often employed by chemists as a standard of com- 
parison in expressing the relative~^eight of all other 
gases. By weighing a thin glass glgbe filled with 
hydrogen, and then having pumped that gas out of 
it by means of an air-pump, and filled the globe again 
with any other sort of gas, a second weighing gives 
us the comparative ^ireight or specific gravity o{ the 
gas as compared with hydrogen. Suppose, for ex-< 
ample, that the globe held exactly ten grains of hy- 
drogen and twenty-five grains of the second gas,, then 
it is plain that the latter is twice and a half as heavy 
as hydrogen is; or, that takingiequal volumes of both, 
that of the gas would weigh twice and a half as much 
as the hydrogen would. We should say, then, that 
the specific^ gravity of that gas was 2 J or 2.6, taking 
hydrogen as the standard of unity. 
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85, The following table shows .the weight in grains 
of several gases which a bottle containing one hundred 
cuhie inches, or about three pints, would hold; and 
also the specific gravity or relative weight of the same 
gases compared to hydrogen, and also to common air, 
as a standard : — 





Weight in 


, Spedflc gnrity 


compared to air, 




gtali^oriOO 


oonpsred to 




cubic «»*a1*w 


^'^^0^ 


taken M 1000. 


Hydrogen . . . 


2 


1,000 


69 


Common Air . '. 


31 


15,200 


1.000 


Oxyg^n^ . ... 


34 


16,000 


1,109 


Nitrogen . . . 


30 


14,000 


971 


Carbonic Aoid Gas 


47 


22,000 


1,520 


Ammonia • • • 


18 


g,500 


589 


Chlorine ... 


76 


36,000 


2,47a 



fig 



CHAPTER II, 

CABBON — NITROGEN — SULPHUR — CHLORINE — 
PHOSPHORUS, 

86. We now come to the consideration of an ele- 
mentary or simple substance, which has. been already 
more than once alluded to, namely, carbon or ehareoal. 
Carbon is the name applied to the pjoro element, but 
common charcoal is so nearly pure, that we may con- 
sider the two words as meaning the same thing ; it is 
an essential part of all kinds of fuel or combustible 
substances, during the burning of which it combines 
with oxygen, and forms carbonic acid gas, the sub- 
stance before adverted to as always existing in the 
atmosphere (37). 

87. The forms of carbon which we are accustomed 
to see, are almost all black, like common charcoal; 
but this is not the case with all the varieties of car- 
bon, for we know that the brilliant transparent gem 
called the diamond, is really pure carbon, there being 
no chemical difference between that gem and common 
charcoul. 

88. There are many substances in Nature which 
exist in two or more different, states, presenting very 
dissimilar appearances, but being really chemically 
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the same. Thas, dialk and marble are very different 
looking subetanees^ bat they are composed of precisely 
the same elements ; the difference between them is 
not caused by heat^ like the difference between the 
Uiree states of water, bat is wholly of a mechanical 
natnce. The partides composing a piece of chalk are 
much smaller than those composing & piece of marble, 
which are in- fact compound pArtioles, consisting of 
many jomed together, and hence a piece of marble 
appears made of viany little grains^ whilst chalk is 
composed of particles eo small that we are nnable to 
distinguish them, and therefore appears to be a ani'> 
form snbstance. 

89. The power which holds together the little par* 
tides composing the piece of marble or chalk, or any 
other substance, is called cohesion, and this power 
Taries in strength in different substances; thus it is 
far JBtj^onger in marble than in chalk, and hence a 
piece of marble requires a much harder blow to break 
it, than a piece of chaik. In the same way, we say 
that the particles composing the diamond are held 
t(^ether more firmly by cohesion than the particles 
composing a piece of charcoal. Cohesion is, of covrse, 
quite indepaxdent of chemical attraction, for it holds 
the different partides of a substance together, con- 
stituting its mechanical strength; whilst chemical 
^nity binds together particles of two different sub^ 
stances, forming a compound substance, but does not 
in any way^ effect the strength of the coimpound to 
resist mechanical force applied to it. 



60 OARBOH IK PIiANTS. 

90. Uader oommon oircmmstanees, carbon is one of 
the most anohangeable things we know ; neither air^ 
water, nor any of the Bttbstances commonly found in 
nature, hare any action upon it ; and hence the prac« 
tice of charring the lower parts of wooden postcf, whidi 
are intended to be driven into the ground ; the coat 
of charcoal thus formed, protects the wood from decay 
for a much longer period than if not charred (882). 
When, however, carbon is heated, its chemical affi-* 
nity for oxygen is greatly increased, and it no longer 
appears to be the unchangeable substance which it is 
whilst cold. 

91. Oarbon has been already stated to be a neces** 
sary element of plants, which, though so various in 
form and color, are nevertheless composed, of very 
few elements. They consist almost wholly of oxygen, 
hydrogen, nitrogen, and carbon, which, by tsombining 
in different proportions, form all the principal parts 
of both plants and animals. 

92. The greater number of vegetable substances 
consist wholly of bzygen, hydrogen, and carbon ; whilst 
animal matters mostly contain, in- addition to these 
three elements, a quantity of nitrogen: some of the 
compounds of plants, however, resemble animal mat- 
tw in containing nitrogen* When wood is charred, 
or decomposed by heat, its elements are separated 
from .each other; the hydrogen and oxygen combine 
together and form water, whilst the^ carbon is left 
behind. When wood is burnt in the open air both 
its hydrogen and carbon combine with oxygen, cans* 
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ing. flame; the eoftbination of carbon with oxygen 
proeeecter slowly and steadily, the carbon continning 
to gknr nntil all is* consumed; hydrogen, en Uie other 
hand, being a gas, mixes and contbiaes with oxygen 
more rapidly, burning at once, with a flame. 

93. All organic substances bum with a flame, and 
this alone is a proof that they contain hydrogen, 
because under ordinary circumstances the" other ele- 
ments of vegetable matter could not cause flame; and 
whenever the flame is bright, we are sure that it con- 
tains a good deal of carbon, for the flame of pure 
hydrogen is very pale indeed, and the brightness of 
a flame, such as that of a candle, is entirely due to 
the carbon contained in the tallow, which is burned 
at the same time with the hydrogen, both combining 
with oxygen. 

94. As the products of the combustion of a candle 
are carbonic acid gas and water^ it would be natural 
to expect that a cold substance held over the flame of 
a candle would take from the vapor of water thus 
formed, the heat necessary to its existence in the 
Sti&te of vapor, and consequently condense it into 
the fluid form. This is an experiment which may 
very Easily be made, for we have only to hold a cold 
glass at a little distance above the flame of the candle, 
and we shall soon find it lined with a fine dew of 
water cond^sed in this manner. 

^5. There are several important facts to be ob- 
served connected with the combustion of a lamp or 
candle. The wnx, tallew, or other combustible sub- 
6 
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stance, is undergoing decomposition; and its elements, 
the combustible substances of which thej are com- 
posed, are combining with the oxygen of the surround* 
ing air to form new compounds; heat is necessary to 
both of thes^ two changes, and this beat is eyolved 
by the rery changes themselves. 

96. When a candle is lighted a portion of the fuel 
is melted, drawn up by capillary action through the . 
wick, and decomposed and conyerted into combustible 
vapor; this vapor bums as its elements ii^ombine 
with the surrounding oxygen, and the heat which re- 
sults from this chemical action renders the process 
continuous, by causing the decomposition of fresh 
portions of the tallow, &c., and the consequent pro- 
duction of more combustible vapor, 

97. In ordinary flame, therefore, several things are 
necessary; air and heat are of course quite essential. 
The heat evolved by the flame itself^ causes a circu- 
lation of air (61), provides a sort of natural ventila- 
tion, and .insures a constant supply of fresh air to 
the burning vapors^ on the other hand, this circula- 
tion of air, by bringing fresh oxygen to the burning 
combustible vapors, causes the evolution of heat 
enough to insure the combustion of the fresh vapors, 
which are about to be given out. 

98. Every one knows well how necessary fresh air 
is to perfect combustion ; the importance of heat is 
not so evident, though it is really quite as essentipil. 
The flame of a candle may be extinguished by^a 
coil of wire, or by bringing a piece of cold metal in 



contact with its out^r edge, and is frequentlj 
^^snnffed out'' merely in consequence of its being 
cooled. A candle, moved quickly through the air^ 
flares and smokes, and its combustion becomes im- 
perfeet, because it is cooled. 

99. It is a necessary consequence of this fact, 
that flame cannot pass through a pieee of wire-gante, 
and the miner's safety-lamp merely consists of a lamp 
surrounded with a cylinder of wire-gauze. A lamp 
thus protected, may safely be taken into an explosire 
mixture of air and carburetted hydrogen, the flame 
may be put out, the explosive gas may burn within 
the cylinder, but the flame cannot pass through the 
wire gauze to set fire to the explosive atmosphere 
without, because it is too much cooled hj contact 
with the wire gauze. 

100. It is evident that the combustion of a flame 
can only take place on its outside, or at that part at 
which it is in contact with the air, and, as a necessary 
consequence of this, it follows that flame is hollow. 
It is only the outside of the flame of a candle that 
gives out light, the inside is dark, because no com- 
bustion is there going on. In a large flame this is 
easily shown, because, as no combustion is going on, 
nt> heat is given out, and consequently the inner 
part of such a fl^ame is comparatively cool; a small 
piece of wood x>r paper may be held in the centre 6f 
such a flame, and it will hardly be singed, or a small 
spoon containing a portion of gunpowder may be 
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placed in the centre of ^e flame, and the powder 
will not be fired. 

101. The wick of a common candle requires con- 
fitant snuflSngy because, being in the very centre of 
the flame, it is in fact deprived of two necessary 
conditions to combustion, namely, heat and fresh 
air ; composition candles with twisted wicks, on the 
other band, do not require snuffing, because, as . the 
candle burns, the wick constantly twists outwarda 
towards the edge of the flame; it is thus brought 
into the hottest part of it, and at the same time is 
supplied with fresh air, which causes it to burn* 

. 102. Smoke is merely combustible matter which 
is unable to burn, because it cannot c6me in contact 
with free oxygen, or does not reach it till it is too 
cold to burn. The production of smokefrom a fire- 
place or furnace, may always be prevented, and in 
so doing a loss of heat is obviated/ A. great deal is 
often said about the burning of smoke ^ this is a very 
difficult thing ; it is far more easy to prevent its 
formation than to burn it when once formed. It 
requires, however, constant care and attention to 
prevent the production of smoke ; there is no reason 
to doubt that at least nine-tenths of the dense, black 
smoke which contaminates the air of large towns 
might be altogether previ^nted. 

103. Carbon is unable to combine with oxygen at 
common temp^atures; it requires to be heated before 
it can enter into combination with that substance; 
but when a compound substance containing carbon is 
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exposed to the air, it usually happens that, if the 
other elements which it contains combine with oxj- 
gen, the carbon also is then able to combine with 
oxygen, and forms carbonic acid gas. 
* 104. Thus when a plant dies and decays, its ele- 
ments separate and form new compounds; bat the 
carbon is not set free in the form of black charcoal 
— it is slowly combined with oxygen to form carbonic 
acid gas (767). 

105. Hence we see that decay i^ very like burning, 
similar effects being produced by both; only' that the 
change which is effected by combustion in a short 
time, and a<^companied with a great deal of heat, is 
very slowly and gradually effected by decay, very 
little heat being at the same time evolved. In both 
cases carbonic acid gas is produced. 

106. This explains one great use of decaying vege* 
table substances in manures ; they, of course, con- 
tain carbon, which is slowly combining with oxygen, 
and therefore always supplying the growing plants 
with carbonic acid gas, which is essential to their 
growth, as they, being able to decompose it, thus 
obtain carbon (698, 708). 

107. Carbonic acid gas is produced in large quan- 
tity by the breathing of animals. A constant supply 
of fresh air is requisite for the support of life, and 
we know that if an animal is prevented from breath- 
ing or inhaling fresh air, it will very soon be suffo- 
cated. The chemical action which goes on in the 
lungs of an animal, is just the reversie of that which 

6* 
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takes plade^ in the organs of plants : in the latter 
case, carbonic aoid gaa in the air is decomposed^ and 
the carbon which it contained is appropriated by the 
plant; whilst in the lungs of an animal, carbonic 
acid is formed ; for the oxygen of the air is foand, 
on being expelled from the lungs, to haye combined 
with carbon, and become conyerted into carbonie 
acid gas. In fact, the process of breathing is very 
similar to that ^of combustion, the same results being 
produced in either ease (605). 

108. Carbonic acid gas is inyisible and transparent 
like common air, slightly soluble in water, and re** 
ijparkabie for being much heayier than air, and for 
extinguishing flame and destroying animal life; it is 
called an acid, although it certainly is not acid or 
sour to the taste, like vinegar and the othfr common 
acids we are acquainted with: it will, therefore, be 
proper, before proceeding any further, to explain 
why it is called an acid, and in fact what is meant 
by that term. 

109. There exists in Nature a numerous class of 
substances which are called bases; amongst which are 
potash, soda, and lime, &c. Now an acid is a sub- 
stance that has a strong affinity for these bases, and 
which in combining with one of them forms a neutral 
compound, possessing none of the properties of either. 

110. Some acids are exceiedingly sour, and very 
corrosive substances, like oil of vitriol, and aqua^- 
fortis; but when poured upon a base, such as potash 
or soda, they combine with it directly, and both ^e 
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a<nd and thd base lose their oamtie and eorroei?e 
qualities. 

111. These compoonds of acids and bases are 
usually called Salts, or saline compounds, and are 
Yery nnmerons ; for there are many acids^ and many 
bases. Most of the acids combine with bases in two 
or three different proportions, forming suhnsalts, neu- ' 
tral salts, and acid, or snper-ealts. In the sab-salts, 
the proportion of acid is not enough to more than 
half neutralize the base; in the super-salts it is twice 
as much as is required to neutralize the base; and in 
the neutral salts, as the name indicates, the acid and 
base are' con^bined in single proportionals, or per- 
fectly equal quantities (139, 141). 

112. There is also a great number of salts called 
double saltp: these are compounds of two similac 
salts; thus there are doable sulphates, like alum, the 
sulphate of alumina and potash (257); and double 
phosphates, like the phosphate of ammonia and mag« 
nesia (253). These double salts are distinct com- 
pounds of the salts of which they consist, and possess 
perfectly different properties from either of their 
constituents; they may generally be made by merely 
mixing together solutions of their two components. 
The number of double salts is very considerable, but 
there is also an immense number of salts which do 
not thus combine together^ 

113. Acids have a curious property of changing 
certain vegetable colors. The greater number of 
vegetable blue colors are by acids changed to red. 
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and this property is therefore made use of by -the 
chemist, to detect the presence of a free acid '^ for this 
power of acid eeases immediately, when they are 
combined with bases : because their powers are then 
neutralised (110). 

114. A very common illustration of this change of 
color may be seen in the pickling of red cabbage. 
Every one knows that red cabbages, as they are oalled, 
are really dark purple or blue, whilst growing, and 
they only become red by the action of the acid vin- 
egar employed in pickling them; the same effect 
would be produced if any other acid was employed. 

115. If now we add to some cabbage thus reddened 
by acid, a little alkali, either potash, soda, or ammo- 
nia, or indeed a portion of any bftse? the color will 
soon be restored to its original blue; because the 
acid is neutralized by the base. And if the base 
employed be one of the three alkalies, or their car- ' 
bonates^ such as common pearlash, which i» the car- 
bonate of potash, the solution of cabbage will become 
green, because free alkalies, and likewise their car- 
bonates, have the power of turning vegetable blues 
green. ' 

116. Alkaline solutions have also the property of 
turning certain vegetable yellows red, such, for ex- 
ample, as common turmeric ; these tests, as they are 
termed, are very easily applied, ^nd papers stained 
with blue or yellow vegetable colors, are consequently 
most useful indicators of the presence either of free 
acid, or free alkali, ut a sdlution. 
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117« Although oarbonie acid, being a gas, is not 
perceptibly soar-. to the taste, like the strong acids 
just mentioned^ it neyertheleas combines with bases, 
and in so doing neul^raliaes, or at least weakens to a 
considerable extent, their caustic properties ; but as 
it has a^ far less powerful attraction for bases than 
most other acids ba?e, it is ▼ery easily expelled from 
compounds containing it, by the action of another 
acid, which seizes upon the base, and sets the 4?ar« 
bonic acid gds at liberty, 

118. We hare already spoken of the ccmrersion of 
chalk into lime by heat, in which process the chalk is 
decomposed, certain matters being expelled or driyen 
ofi^ and the lime left caustic. Chalk or limestone is 
a compound of carbonic acid gas and caustic lime, 
and^is called a carbonate of lime (233)* 

119. The carbonic acid is combined with the lime 
by so weak an attraction, that heat alone is sufficient to 
expel the acid, together with a small quantity of water 
which the chalk always contains. If a piece of chalk 
is put into some yinegar, or indeed into any sour 
liquid, the chalk will be decomposed, and the car- 

* bonic acid will bubbly through the fluid, until the yine- 
gar or other acid is fully combined with lime, and its 
acid powers entirely neutralissed. The same will 
happen with any other carbonate. 

120. In consequence of this gas being consideri^bly 
heayier than common air (85), it freqtiently collects 
in cayerns, cellars, and other similar situations^ and 
often occasions fatal accidents^ sufibeating. those ^who 
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nnfortunately enter the plaees thus £lled with car- 
bonic acid. Its presence in such places in the eirfiif, 
any quantity, may always be easily ascertained, by 
letting down a lighted candle into the well or cellar: 
if the candle continues to burn, we know that ther« 
is enough oxygen present to support the life of an 
animal ; whilst if the candle is extinguished, we are 
certain that the place is full of carbonic acid gas, and 
therefore that it must not be entered until the heayy 
gas has been dispersed by proper ventilation. 

121. Carbonic acid is also eyolyed in large quan- 
tities during the process of fermentation, and occa^ 
sions the pricking taste and effervescence of cider, 
bottled ale, and other liquors. Common ale is allowed 
to ferment in open vessels, so that nearly all the car* 
bonic acid formed during that procass (424) is dis- 
persed ; but bottled ale being confined iioi close vessels 
before its fermentation is completed, much of the 

. carbonic acid evolved subsequently is pent up in the 
liquor^ and escapes from it in innumerable small 
bubbles, when the cork of the bottle is removed. 

122. Carbonic acid, then, i& Constantly being form-* 
ed in several different ways ; it js prodliced during 
the combustion of all substances containing carbon, 
during the respiration of animals, during the decay 
of almost all vegetable and animal substances, add 
during the process of fermentation. It is likewise, 
in many situations, naturally given out by the earth 
in large quantities. 

123. To counterbalance all these sources of in- 
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crease, there i% only the power of plants already 
mentioned of decomposing it, by abstracting its 
carbon and setting free the oxygen again (106, 698, 
710,745). 

124* When two substances combine together and 
form a eomponnd, they unite in definite and invari- 
able proportions* A gi?en weight of carbon, in burn- 
ing, always combines with a uniform <iuantity of 
oxygen, to produce a certain weight of carbonic acid 
gas; and this rule holds good in all cases of chemi- 
cal combination, for it is one of the distinctions 
between mixture and combination, that we are able to 
mix two substances together, in any relative propor- 
tion we like; but we are only able to' make sub- 
stances combine in certain fixed proportions. 

125. Compounds do not always consist of equal 
parts of their elements, for they can consist of one 
part of one element, and one, two, three, or more parts 
of another element; and, indeed, there can frequently 
be formed several different compounds, by the union 
of two elements in various proportions. When, how- 
ever, we mix together two substances which can unite 
together, they always combine in one of these fixed 
proportions; and if there is more of the one element 
than is requisite to form the compound, it is left un- 
altered. 

126. Thus we know that every six grains of car- 
bo.n,-or pure charcoal, require sixteen grains of oxy- 
gen to burn them perfectly, and convert them into 
carbonic acid ; and exactly the same quantity will be 
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required wfaetber the carbon ia bomt in a few seconds, 
or slowly combined' with oxygen by the gradual pro- 
cess of decay. If we were to try to iM>nibinei mx 
grains of carbon with twenj;y grains of oxygen, we 
should find that only sixteen grains of the oxygen 
would combine with the charcoal, and the remaining 
four grains of oxygen would b^ left unchanged. 

1%7. When we try to burn charcoal so that it shall 
get less oxygen than is requisite to conyert it into 
carbonic acid, we find that it is possible to do so, but 
that the gas produced is not carbonic acid. Carbon 
and oxygen are able to combine together in more 
than one proportion; and consequently, though 
when carbon is burnt in the air^ or where it can get 
abundance of oxygen, it always forms carbonic acid, 
yet when burnt so that it cannot combine with a suffi- 
cient quantity of oxygen to form that gas, it forms a 
different compound containing less oxygen, which is 
called carbonic oxide. 

128. This coilipound is a transparent colorless 
gas, like carbonic acid, and resembles it also in being 
totally unfit to support animal life; indeed, it appears 
to be far more dangerous than carbonic acid when 
taken into the lupgs, even though considerably di- 
luted with common air. It extinguishes flame, as 
might be expected, but it is itself combustible, burn- 
ing with a pale blue flame, and at the same time is 
eonterted into carbonic acid, in consequence of 
having acquired more oxygen from the air in which 
it has burnt. 
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129. We frequently Bee on the top of oharcoal or 
x^oke fires a pale blue flame, quite different in appear- 
ance from the usual bright flame of wood or coal ; 
this is occasioned by carbonic oxide, which is formed 
in the midst of the mass of burning fuel, where the 
carbon, being unable to get enough oxygen to form 
carbonic acid, produces this gas, which, when it 
reaches the top of the fuel, meets with fresh air, and 
combines with a further quantity of oxygen. When, 
however, a charcoal fire is burning slowly, a quantity 
of carbonic oxide escapes into the air without being 
burnt into carbonic acid ; and its poisonous nature is 
often shown, when persons have foolishly placed a 
pan of burning charcoal in a close bedroom. The 
charcoal is not only abstracting the oxygen of the 
air, and converting it into carbonic acid, which can- 
not support life, but is also forming quantities of the 
highly poisonous gas, carbonic oxide, the presence of 
which in a room, in any considerable qua>ntity, is sure 
to destroy life. 

130. Besides theae two compounds of carbon, there 
is yet a third, intermediate in composition between 
carbonic oxide and carbonic acid, though very differ- 
ent from either in its properties ; this substance is 
oxalic acid, a strong, and very poisonous acid. Oxalic 
Acid occurs in many plants, and may be easily form- 
ed artificially (§08); it -is a white solid substance, 
soluble in water, in which it forms a very sour solu- 
tion; and has a strong affinity for bases. It has 
never been formed direct from carbon and oxygen, 
7 
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181. Although when carbon burnd in the air it 
only combines with oxygen, it can, tinder some cir- 
cumstances, combine with nitrogen and also hydro- 
gen. . Thus when vegetable matters decay under 
water, we find that a gas is given off in bubbles 
which <;onsist of hydrogen and carbon, ahl is there- 
fore called carburetted hydrogen. 

132. This gas is, as may be supposed, inflamma- 
ble; burning in the air with a tolerably bright flame, 
and forming, by the combustion of its two elements, 
water and carbonic acid. This gas is found in very 
large quantity in coal mines, where it is called fire- 
damp,, and occ'asions violent explosions, when alight 
i6 incautiously brought into a mixture of it and com- 
mon air. 

133. In these cases the gas is mixed with a quantity 
of atmospheric air, but the affinity of the carbon and 
hydrogen, of which it consists, for _the oxygen of the 
air, is not powerful enough to cause combination. 
When, however, a lighted candle or lamp is brought 
into the mixture, that part is immediately raised to 
the temperature at which combination can take place, 
the mixture takes fire, the flame spreads with very 
great rapidity, and in a few seconds the mixed ^ases 
are changed from air and carburetted hydrogen, into 
cs^rbonic acid gas, steam, and nitrogen. At the mo« 
ment of explosion the gases are very greatly expanded 
by the heat of the flame, and subsequently they are 
suddenly condensed, as the steam is cooled and con- 
verted into water. Carbonic acid and nitrogen aIoTi« 
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being left, many of the dreadful accidents which 
occur }n coal mines are less caused by the violence of 
the explosion, than by the suffocating effects of the 
after-damp, as the foul air left in the miues after the 
explosion is termed. 

184. There are also many other compounds of car- 
bon and hydrogen, in which different proportions of 
the two elements give rise to a great variety of differ- 
ent substances: one of the most important of these is 
the common coal gas, obtained by distilling or roast- 
ing coals in close iron vessels, and which is used for 
lighting the streets ; it differs from the fire-damp of 
mines, in containing rather more carbon. India-rub- 
ber, gutta-percha, coal-tar naphtha, oil of turpentine, 
&e., are also compounds of carbon and hydrogen. 

135. In expressing the composition of any sub- 
stance, chemists are in the habit of saying that it con- 
sists of such and such proportions of its elements; 
whatever quantity they may have taken for analysis, 
they generally calculate the proportion which a hun- 
dred or a thousand pp.rts would consist of. Thus, for 
example, 550 grains 6f pure carbonate of lime contain 
308 grains of lime, and 222 grains of carbonic acid; 
hence 1000 grains must contain 560 grains of lime, 
and 440 grains of carbonic acid ; and 100 grains of 
carbonate of lime contain 56 grains of lime, and 44 
grains of carbonic acid. 

136. This is a very simple example, but it con- 
stantly happens that the composition of substances is 
not so easily expressed. 1000 grains of dry gypsum, 
or sulphate of lime, consist of 412 grains of lime, and 
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588 grains- of cmlpbnrie acid. The dom position of 
100 grains of such a substance is repr^esented thus : — 

Lime . . . • . . 41.2 

Sulphuric Acid . . . . . 68.8 

This merely means that one hundred grains contain 
41 and two-tenths of a grain of lime, and 58 and eight- 
tenths of a grain of sulphuric acid : hence there is no 
real difference- whether we put the dot or not: if it 
is used, the figures behind are known to be fractions ; 
if not they are whole grains. 

137. Sulphate of lime may b^ expressed either i^s 

Lime 0.412 4.12 41.2 412 

Solpburic Acid 0.588 5.88 58.8 588 

1 gtain. 10 grains. 100 grains. 1000 grains. 

In all the' analyses given in the following pages, no 
fractions are used ; the composition of eyeryt&ihg ia 
given as it would be obtained if 10,000 or 100,000 
grains were analyzed. 

138. Chemists are constantly in the habit of speak- 
ing of' atoms, proportions^ combining numbers, and 
similar terms ; it will be w«ll briefly to describe what 
is meant by these words. It has been already stated 
that the composition of all compound substances is de- 
finite (124); that a certain weight of carbon, for es* 
ample> can only combine with a fixed quantity of 
oxygen, to form earbomC ttcid (126). 

139. Jiet us observe what relation there exists be- 
tween the quantity of different substances which can 
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eoiabine together. It is found that one grain of b j* 
drogen (for hydrogen, though a gas, can be readily 
weighed) will combine with eight grains of oxygen, to 
form nine grains of steam, and this relatiye proper* 
tion between the two elements of water is perfectly 
invariable. One grain of hydrogen can combine with 
exactly sixteen grains of sulphur, to form seventeen 
grains of sulphuretted hydrogen (182), a compound 
shortly to be described, or, with six grains of carbon, 
to form seven grains of carburetted hydrogen (131). 

140. These numbers^ then, express the quantity of 
each of th^se substances which can combine with one 
another, for, of course, it is perfectly the same whether 
we take a grain, an ounce, a pound, or any other 
weight. But this is not all; the number thus found 
for carbon, namely six, is not merely the quantity of 
that substance which could combine with one of hy- 
drogen, but represents the quantity of carbon which 
can combine with eight parts of oxygen, to form car- 
bonic oxide (127), or twice eight, 16, parts of oxygen 
to form carbonic acid ; and, again, eight parts of 
oxygen is not merely the quantity which can combine 
with one part of hydrogen, or with six parts of carbon, 
but is exactly the quantity which is able to combine 
with a definite proportion or equivalent, of any other 
substance. 

141. The numbers which are in this manner ob- 
tained, are called combining weights, proportionals, 
equivalents, &c, ; they express the relative proportions 
in which substances combine together. Some com- 

7* 
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poanda oonsist of a angle proportional of each of 
these elemehtfly but more commonly they contain one 
of one element, and two, three, or more of the other; 
organic substances, for the most part, consist of 
nearly ten or a dozen proportionals of each of their 
elements (316, 869). 

142. The following table shows the proportions or 
combinipg waghts of the most important simple sub- 
stances. 

Oxygen 8 

Hydrogen 1 

Carbon . . . . . . 4 6 * 

Nitrogen . . . ; • . . 14 

Chlorine 35 

Phosphorus ' • • . ; • .31 

Sulphur . . . • . . . .16 

' . Iron • . . . . . .27 

143. When a compound is formed by the union of 
two elements, the equivalent or combining proportion 
of the compound is exactly the sum of the equivalent 
of its elements; thus, for example, carbonic acid con- 
sists of one equivalent of carbon, the number of which 
is 6, and two equivalents of oxygen^ weighing 16 ; the 
sum of 6 and 16, is 22 ; this, then, is the equivalent 
of carbonic acid, the quantity which will combine with 
an equivalent weight of any base, for example, with 
28 parts of lime, 47 of potash, and so on. 

144. In the following table^ the combining weight 
of some of the most important compounds is exhi- 
bited:— 
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Water * . . . . . .9 

Nitric Acid 54 

Carbonic Oxide . .. . . . • H 

Carbonic Acid ^2 

SulphurouB Acid 32 

Sulphurio Acid . . . . . ^ . 40 
Phosphoric Acid . . . . k 71 

Muriatic Acid 36 

Sulphuretted Hydrogen • . . .17 
Oarburetted Hydrogen , . • . 8 

Ammonia 17 

Potash .47 

Soda ^31 

Lime ^28 

Magnesia ^ . 20 

Silica . . . . . . .46 

Alumina .51 

Protroxide of Iron . . . . .35 

145. When plants or vegetable substances consist- 
ing of oxygen, hydx^ogen, and carbon, decay, their 
elements form new compounds, the principal of which 
are carbonic acid and water. We Qtiust now consider 
what are the products resulting from the decay of 
animal matters, and of those vegetable substances 
which, like them, consist of oxygen, hydrogen, car- 
bon, and nitrogen; these are water, carbonic ficid, 
and ammonia. 

146. Nitrogen or axote differs from most oth^r 
substances in appearing to bo remarkably inert; it 
seems to have little or no affinity for any other sub- 
stance. It is always mixed with oxygen in the air, but 
it appears to have no inclination to combine with it; 
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and when carbon, or snbBtances containing it, are 
burnt, tbej combine only with the oxygen, and never 
with the nitrogen of the air : so that it would appear 
as if the chief use of nitrpgen in the air was to dilute 
the oxygen, and prevent it from-eombinipg too ra- 
pidly with carbon, and other substances. 

147. Under some ciroumst^Fnces, however, nitrogen 
does combine with other elements, and its compounds 
are amongst the most curious and important sub- 
stances we know. When animal or vegetable matters 
containing nitrogen decay, we find that it, like the 
carbon, is not .set free in its simple aud uncombined 
form, but that during decs^y it H)ombined with a por- 
tion of hydrogen. 

148. Therefore, in addition to waterand carbonic 
acid, the two principiil substances arising from the 
decay of ordinary vegetable matters, we find a pun- 
gent, strong-smelling gas, composed of nitrogen and 
hydrogen, which is called Ammonia. 

' 149. ThifiT substance, though a transparent invisible 
gas, is, like potash and soda, a base ; like them it has 
a strong affinity for abidSj'jand when combined with 
them neutralizes their powers; and, therefore^ as it is., 
evolved it the same time with carbonic acid, it com-: 
bines with that acid and produces a solid salt, which 
is called a carbonate of ammonia, just as the com- 
pound of carbonic acid «nd lime is Called a carbonate 
of lime. 

150. Ammonia is always produced when animal or 
vegetable substances containing nitrogen are decom* 
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jyosed, vliether by combiMtioii or by depay ; in both 
those cases carboiia^ of ammonia is formed, which ia 
a very volatile salt, and consequently is carried away 
by the air, as fast as it is formed. Now water ab- 
sorbs large qaantities of ammonia, which, as well as 
all its compounds, is easily soluble in that .fluid ; and* 
consequently the ammonia and salts of ammonia, 
formed during these processed of decomposition, are 
never retained in the air, but are dissolved and brought 
down to the surface of the earth, by rain. 

151. Ammonia wa9 formerly called the volatile 
alkali, because in many propertieeit closely resembles 
the alkalies potash and soda, which are distinguished 
from all other bases, by that nlime. Ammonia, how- 
ever, differs from the two other alkalies in being a 
gas, whilst fhey are both solid, and almost all its 
compounds are more or less volatile, or capable of 
being converted into Vapor by heat ; whilst the com** 
pounds of potash and soda are all fixed, or quite in- 
capable of being raised into vapor by any ordinary 
application of heat. 

152. Ammonia has also a less powerful affinity for 
acids than the two other alkalies have, and conse- 
quently it is eafiiily expelled froui its compounds, by 
either potash or soda, as well as by lime and several 
other bases, which set free' the ammonia in- the gas- 
eous form, and unite themselves with the acid pre- 
viously in combination with the ammonia. 

163. Ammonia, in its pure state, is a colorless, in- 
visible, and very pungent-smelling gas, readily soluble 
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in water ; like patasli and soda, it has a Very strong 
affipity for acids, and is, therefore, hardly eyer met 
with in its free state, bat always in combination with 
carbonic, or some other acid. It is far less abundant 
or. common thai^ the other alkalies, potash and soda; 
for its principal Boaree is the decay of animal and 
vegetable substances, whi^h contain i^itrogen. 

154* The most important of the salts of ammonia 
are the carbonate, the muriate, the sulphate, and the 
phosphate: the carbonate, which is the salt produced 
during the decay of organic matters. Was formerly 
called salt of hartshorn, because it was mostly pro- 
cured by burning horn; it is now, however^ obtained- 
from the tar-water and refuse ammoniacal liquors of 
the gad-works. A considerable quantity of ammwa 
is formed during the distillation of coal, which always 
contains a* little nitrogen, and, therefore, gives off a 
small quantity of ammonia ; this combines with abor- 
tion of the. carbonic acid formed by the burning of 
the carbon of the coal, and collects in the hydraulic 
main, or first condenser, of the gas-works; hence, also,' 
cietrbonate of ^ ammonia is always an ingredient of 
soot. 

155« Carbonate. of ammonia is not obtained direct 
from the gas liquor, as it would then be impure from 
the tar, and other substances which exist in the gas- 
water. The ammoniacal water is generally first con- 
verted into a sulphate or muriate, and this is decom- 
posed by heating it with chalk ; carbonate of ammonia, 
which is volatile, rises in vapor, whilst sulphate or 
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muriate of lime is left. Carbonate of ammonia pos- 
sesses the peculiar pnngent smell of pure ammonia, 
though far less powerfdlly ; beeanse, being but partial- 
ly nentrAlized by carbonic acid, and united to it by 
but a feeble affinity, it is constantly gradually escap- 
ing from its compound, and evaporating into the air. 
Like the carbonates of potash and soda it possesses 
the property of reddening many vegetable yellows, 
though less powerfully than the pure alkali. 

156. The muriate of ammonia, commonly called 
sal-ammoniac, which used also formerly to be obtained 
by burning animal substances, is now procured from 
the refuse of the gas-works, which contains carbonate 
and other salts of ammonia. They are first of all 
converted into a sulphate, by the action of oil of vitriol, 
which expels the t^arbonic and other weaker acids; 
and the sulphate thus obtained is decomposed by mix- 
ing it with ooQ^mon salt, and heating the mixture. 

167. The nature of this operation is very simple. 
Sulphate of ammonia^ water, and common salt, or 
chloride of soditlm, are heated together,' and are de- 
composed, because sulphuric acid has a stronger affi- 
nity for soda than it has for ammonia ; a portion of 
water is decomposed at the same time with the salt, 
supplying oxygen to the sodium to form soda, and 
hydrogen to the chlorine to form muriatic acid ; the 
former unites with the Sulphuric acid, whilst the latter 
combines with the ammonia. 

158. Muriate of ammonia, like many other of the 
salts of ammonia, is volatile at a certain hefkt ; that 
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18 to 8ft7, ife beeomes a vapor/ and recnmes the solid 
fonn when cooled again : in th^ procesB for obtainitig 
the muriate of ammonia, l^erefore, it is conrerted into 
vapor bj the beat applied to the mixture, and is ooq- 
densed in the solid form again in the upper part o£ 
the vessel in which it is heated, Irhich.is kept cool on 
purpose. The uses* of sal-ammoniac in the arts are 
numerous ; its principal consumers are ike dy^s and 
workers in metals. 

159. Ammonia has a stoong affinity for sulphuric 
acid; the sulphate may either be formed directly by 
mixing together sulphuric acid and caustic ammonia, 
or its carbonate, as in the process just described for 
preparing the muriate from gas liquor; or it may be 
obtained by substituting for ^e sulphuric acid, added 
to the gas liquor, a 6ulphiU;e4p which the acid is held 
by a less powerful affinity than that which it has for 
ammonia ; when this is done, the ammonia seizes the 
sulphuric acid and causes it to relinquish the weaker 
base with which it was previously combined, and which 
thus unites with the carbonic acid, of the carbonate 
of ammonia. . 

160. When, for example, a solution of carbonate of 
ammonia is mixed witb a quantity of sulphate of lime, 
they e^e both decomposed; the ammonia combines 
with the sulphuric acid, and the lime takes the car^ 
bonic acid. Sulphate of ammonia has a strong saline 
taste, but no smell : it is a perfectly neutral salt, and 
may be kept any time without undergoing change. It 
is readily soluble in water. 
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161. Phospbate of ammonia maj bid formed bj 
adding a solation of ammdnia, or ita carbonate, to 
pbofiphoric aeid (194); it is yery soluble in water, 
and decomposes when heated, the ammonia passing 
off in the gaseous state, and leaving the phosphoric 
acid pure. A; rovgh salt m|ij be made by mixing 
the impure phosphoric acid obtained by acting on 
bone, earth, by oil of ritriol, with gas liquor, apd 
evaporating the solution ; it is then, however, apt to 
jcontuin lime, tarry matter, and other impurities. It 
is sometimes employed as a manure (793). 

162. Ammonia often seems to combine with sub- 
stances for which . it really has no affinity : this is 
merely a mechanical effect. Such substances have 
the power of absorbing a large quantity of the gas, 
which is condensed or packed up in the pores of the 
stibstahce, but not combined with it, and is ready to 
be given: off again on the application of heat. Thus, 
frei^hly burnt- charcoal, and, indeed, most porous 
substances^ absorb or condense a large volume of this 
gas. The value, of charcoal as a disinfecting agent, 
lind purifier generally, chiefly dependb upon this 
power of absorbing gaseous matter. But it also 
possesses bleaching powers.' 

163. Ammonia is not the only compound contain- 
ing nitrogen, which is formed during the decomposi- 
tion of animal substance's ; for although nitrogen and 
oxygen appear to have no affinity for each other, as 
they exist together in a state of mixture in the air, 
and do. not enter into combination,, yet when a com- 

8 
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poand «lreftdj ooBtaming lutrogeu is docontposed, we 
find that, besides the compoand of nitrogen and 
hydrogen just desoribed, a compoand of oxygen aiid 
nitrogen is also in some eases fcHrmed, which is po»* 
sessed of Tcry extraordinary powers, being a strong 
acid^ and commonly called aqaa-fortis, or nitric 
acid. 

164. Nitrogen is able to combine with oxygen in 
five different proportions, giying rise to as n^ny dis^ 
tinct snbstances ; fom* of these are of comparatively 
little importance, and may therefore here be passed 
oyer; the fifth, or that containing the greatest quan- 
tity of oxygen, is the only one at present worthy of 
consideration. 

. 165. NiTi^io AOin is never found in its free or nn- 
combined state, but always in combination with some 
base; being a very powerful acid, it is easy to under- 
stand that, as soon as formed, it seizes upon some 
base to combine with, and forms a neutral salt. The 
commonest salts containing nitric acid, or nitrates, as 
they «re called, are the nitrates of potash, soda, and 
lime, which are found native abimdantly in different 
places. 

166. The nitrate of lime is very ireqnently to be 
met with on old walls, near which organic substances 
containing nitrogen have decaypd and formed nitrio^ 
acid, which has combined with the lime of the mortar; 
and in the same way nitrate of Ume may be formed 
artificially, by mixing lime with decaying subistances 
which. can yield the a^id, and, after baying allowed 
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them to remain some time togethmry by ponriBg water 
over the miztture: this dissolves the nitrate of lime, 
and forms a solution^ which leaves the salt in qaea- 
tion, when the water is evaporated by heat. 

167. Although nitrie acid is a very strong aeid^ 
and has a very powerful affinity tor bases. Yet th^d 
are even more powerful acids, whioh are strong enough 
to expel it from its combioations, vand we are thus 
able to' procure the pure acid: this is nsually done by 
what is called oil of vitriol, or jsulphuric acid (179), 
a snbstance consisting of sulphur, or brimstone, com- 
bined inth oxygen*. >When this acid is poured on a 
nitrate, it expels the nitric acid in the form of a 
very acrid or sour and biting vapor ; thisy condensed 
in cold water, constitutes the intensely sdur liquid 
called nitric acid, or aqua-fortis, and was before com* 
bined with the base of the nitrate. 

168. Nitric acid acts very strongly on all organio 
bodieis, decomposing them sometimes with great vio- 
lence, and causing their elements to enter into new 
combinations: thus when strong nitric acid is mixed 
with oil of turpentine^ it sets it on fire. This is 
caused by the large quantity of oxygen which nitric 
acid contains, which enables it to bum substances, or 
at least makes them combine rapidly with oxygen, 
which we know is the. cause of ordinary Oombusiion. 

169. When we mix citric acid with substances 
which, having a strong affinity for oxygen, are able 
to decomposid the acid, we obtain some of the other 
6<UBpdunds of nitrogen and oxygen. before alluded to, 
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and by yarious processes we are able to obtain com-' 
pounds of nitrogen, with most other- elements, setting 
ont with this acid as a source of nitrogen ; for it 
seems that nitrogen hardlj erer will combine with an 
element, except when in the nascent state ; that is, 
when being evolved or set at liberty by the decom* 
position of a substance^ in which it was already com- 
bined with some other element (769). 

170. There are three other elements deserving 
notice, which, like nitrogen, are of little interest ib 
themselves, but which, by combining with, other sub- 
stances, form important compounds; these are pnt- 
phur, chlorine/ and phosphorus. 

171. The properties of sulpkub, or brimstone, are 
familiar to every one; it occurs native, bol^ pure 
and also in combination with various metallic sub- 
stances ; entering into the composition of many ores^ 
such as those of copper, lead, zinc, ipercury, fcc. 
Sulphur is a pale-yellow, solid substance, insoluble in 
water, having hardly any taste, but a faint and pecu« 
liar smell, melting easily wheti wanned, and catching 
fire very readily, burning with a pale-blue flame, and 
giving out at the same time a peculiar and very dis- 
agreeable smell. The compounds which sulphur 
forms with oxygen, and also with hydrogen^ are the 
principal which demand attention. 

172. Sulphur, like nitrogen, is able to combine 
with oxygen in several proportions, and hence it 
forms several distinct compounds. It is only neces- 
sary to describe two of theni — sulphurous acid, and 
sulphuric acid or oil of vitriol. 
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17S. When sulphar ia burnt in the air, it forms sni- 
I^htLrous acidy a toansparent, invisible gas, possessing 
ft verj strong and suffocating smell ; it is easily die- 
solred b j water, and the solntion then obtained has 
a strongly sgur <taste. 

174. A portion of snlphorons aoid is formed when- 
ever we lighta common brimstone match; and thepecn* 
liar suffocating smell then perceived is occasioned bj 
this acid, and not b j the sulphur alone, which has no 
smell, but which is used to tip the matches because it 
has a strong .^ffinity for oxygen, and requires less 
heat to enable it .to commence combination than the 
wood, itself; but when it has once fairly got alight, 
it then produces heat enough to fire the wood. 

175. Sulphurous acid is a transparent gas, rather 
heavier than common air, readily sduUe in. water, 
very poisonous ^hen breathed, and extinguishing the 
flame of combustible matters ; it does not form any 
important compounds when combined with bases, and 
its principal interest xH>n8istB in its bleaching powers. 
It has long been used to destroy color in things 
desired to be bleached, which are merely hung up 
over some burning sulphur, and exposed to the fumes 
of sulphurous acid thus formed. Articles thus bleached, 
however, frequently retain an unpleasant smell of 
Sulpburous acid. 

176. It is likewise used in fumigation, being con- 
sidered destructive of contagion ; and, therefore, sul- 
phur is burnt in hou3es where persons have died of 
an infectious disorder, and in other circumstances 

8* 
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where evil efiects are fearecl from the commanieation 
of disease. In all these cases snlphurons aeid has 
really a nsefttl influence^ as it seems able to destroy 
a minute quantity of poisonous matter diffused through- 
out the air ; but it must be remembered, that it can 
hare no power of improving air which is unwholesome, 
in consequenee of the presence of a large quantity of 
carbonic oxide or carbonic acid, for in these circum- 
stances, burning sulphuf would only tend to make 
the air worse, both by removing oxygen, and also by 
adding sulphurous acid. 

177. The bleaching power of this acid may be very 
well shown, by holding a lighted brimstone match 
near a dark purple or blue flower, the color of which 
will be -immediately more or less destroyed, and we 
may easily thus, either in part or wholly, render the 
flower white. 

178. Sulphurous acid contains less oxygen than the 
sulphuric acid; in fact, it stands in the same relation to 
that acid, which carbonic oxide does to carbonic acid« 
Sulphurous acid is formed whenever sulphur is burnt 
in the air, because, under those circumstances, it is 
not able to combine With enough oxygen to form the 
more powerful acid. 

179. Sulphuric Acid is made by burning sulphur 
mixed with nitrate of potash, which eupplies it with 
more oxygen than it could get by merely burning in the 
air ; because the nitric acid in the nitre, when decom- 
posed by the burning sulphur, gives rise to the forma- 
tion of another compound of nitrogen and oxygea co»- 
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taining less oxygen, called nitrons acid, a snbstaiKse 
irhich is decomposed bj snlphur6ns acid, when water 
is present ; giving up a portion of its oxygen to the 
sulphnrous acid, and converting it into the sulphnric. 
In fact, when sulphur is thus burnt, and the fumes 
produced by its combustion are condensed in cold 
water, a very acid liquid is formed, which is called 
oil of vitriol, or sulphuric acid* 

180. It is a heavy, "very corrosive, poisonous fluid, 
although its elements are only oxygen and sulphur, 
the one being that part of the air necessary to sup* 
port life, and the oth^ a tasteless, -yellow, solid sub- 
stance. Sulphuric acid in its free state- is chiefly re»- 
markable as being one of the strongest acids we know, 
destroying vegetable and animal substances: that is 
to say, abstracting and combining with some of their 
elements, and causing the others to enter into new 
combinations ; and having a strong affinity for bases, 
with which it forms a class of compounds called sul- 
phates : some of these are of very great importance, 
and must be considered hereafter (159, 213,224, 287.) 

18L Sulphuric acid is. a most valuable substance 
to the chemist; being one of the strongest known 
acids, it enables him to expel or drive out most other 
acids from their combinations, and thus through its 
agency many other acids are obtained pure and sepa- 
rate, from their compounds with bases (167, 188, 195). 

182. Under certain condition^ sulphur combines 
with ' hydrogen to form sulphuretted, hydrogen — ft 
transparent colorless gas, remarkable for the exceed- 
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iogly disagreeftble amell which it possesses. It is to 
the presence of this gas the nanseoiiSy disgusting smdl 
of, putrefying abitnal matter is due. Sulphuretted 
hydrogen is very poisonous, and it would prohably 
cause many fatal accidents, were it not that its of- 
fensive odor warns us of its presence, and induces 
us to take measures to disperse it by ventilation and 
other means. 

188. Sulphuretted hydrogen is soluble in water to 
a considerable extent, and the solution possesses the 
strong and nauseous smell of the gas itself. The gas 
is inflammable, and in burning produces water, and 
^phmrous acid gas. Sulphuretted hydrogen has 
someliimes been called an acid, for it possesses feeble 
acid powers, combining with some bases and to a 
certain extent neutralizing them. 

184. Sulphur has a strong affinity for most metallic 
substances forming a numerous series of compounds, 
which are called sulphurets: many metallic ores 
are sulphurets, Ax^d in the process by which the 
metals are obtained, the first operation consists in 
roasting the oi'es, or exposing them to a dull red heat, 
when the sulphur, being a volatile substance, is grad- 
ually driven oflF. 

185. OoLORiNB is a.n element which is never found 
free, hit only in combination with some other element; 
it is a very poisonous gas^ causing very great irritation 
when breathed, even though it is largely .mixed with 
air ; it is tt'ansparent, has a'brigbt-yeUow color, and 
is remarkable for possessing in. a very great degree 
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the power -vrbich sulpharons^ acid has, of bleaebiog or 
doBtroying colors, and also contagious matters. Chlo* 
rioe », therefore, now largely used in all cases where 
it is wished to destroy or remove color : it is howeyer, 
a very^ powerful agent, and therefore must be used 
with great care, as otherwise if linen, for example, 
be bleached carelessly by means of it, the texture is 
destroyed, and the linen becomes rotten and useless; 
Common writing-paper is often found to be quite 
decayed and useless, the rags from which it was 
made haying been too strongly bleached with chlorine. 

186. Small quantities of this gas are used with very 
beneficial effects in removing foul -smells, and oth^- 
wise renderipg sweet and wholesome the air of large 
buildings, such as hospitals. Chlorine readily com- 
bines with the metals, and most other, of the elements, 
to form a series of compounds called chlorides ; thus 
corrosive sublimate is a chloride of mercury, &€•> It 
is unnecessary for us further to occupy ourselves with 
this element than to know that when combined with 
hydrogen it loses all these peculiar powers, and forms 
a strong acid, the muriatic, which, by combining with 
.bases, forms a series of salts called muriates. - - 

187. When chlorine and hydrogen are mixed to- 
gether in equal volumes, an explosive mixture is form- 
ed, which, on the application of a^ flame, detonates 
loudly, and is converted into muriatic acid gas. An 
explosion is also caused if the mixture is exposed is 
a glass vessel to sunshine, but if kept in. the dark, no 
combination takes place; ifiperely exposed to day* 
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light, but not to the direct rays of the suziy the gases 
do not explode, but combine slowly and quietly. 

188. The process by which muriatic acid is procured 
is yery simple: a. quantity of oil of .yitriol or sulphurie 
acid is poured on some common salt, acid fumes arise, 
they are made to pass through cold water, which ab* 
sorbs them, and in time a very sour corrosive liquid 
is obtained, which is the muriatic acidy or the spirit 
of salt of the shops. In ordmr to explain the action 
which takes place in this process, it is necessary to 
say a few words respecting the nature of common 
salt. 

189. Common salt is a compound substance, con« 
sisting of two elements; the pne is chlorine, the cpr- 
rosive yellow-colored gas just described, and the other 
is a white silvery-looking metal called sodium, a sub* 
stance having a very strong affinity for oxygen, eager* 
ly combining with it and forming the alkali soda 
(216). 

190. The substances, then, concerned in the process 
for making muriatic Acid, are common salt, or, to 
speak scientifically, chloride of sodium, sulphuric acid, 
and of course a portion of water, as oil of vitriol is a 
solutioi^ of dry sulphuric acid in water. Botlt the . 
chloride of sodium and the water are decomposed, the 
oxygen of the Water combines with the sodium of the 
salt, whilst the hydrogen of the water combines with 
the chlorine of the salt, and thus soda and muriatic 
acid are formed ; the latter is given off or expelled in 
the form oi gas or vapor, whilst the soda combines 
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vith 4he anlplinrie acid to form, a neutral sal t-^the sal* 
phate of soda." This is a verj good example of com* 
lination and deoomposition. In consequence of the 
powerfnl affinity which sniphnric acid has fot soda, 
both the salt and water are decomposed; and the 
chlorine and hydrogen beiagfree from their combi* 
nations, tinite together to form muriatic acid (216). 

191. Chlorine is procured from muriatic acid bj 
the action of some substance capable of abstracting 
its hydrogen; the most convenient for this purpose 
i^re those which contain much oxygen. The usual 
process is to h^at together a mixture of muriatic acid 
and oxide of manganese, a substance which is rich in 
oxygen; the oxygen which is thus giren off, takes the 
hydrogen of the muriatic acid^ with which it forms 
water, and sets free the chlorine. 

Id2. Another and yet cheaper process is to heat a 
mixture of eommon salt, oxide of mangaiiese, and sul- 
phuric acid; in this case the sulphuric acid decom- 
poses the -salt, add the muriatic acid formed, is decom- 
posed as fast as it is set free, by the oxygen of the 
oxide of manganese* 

* 19d. lonnri, bromine, and fluorine, are substances 
hitherto' undecoQiposed, i^nd therefore called elements, 
which in many respects resemble chlorine; like it, 
they form acids by combining with hydrogen, and 
lU&ite to the metals to form a numerous series of com-* 
pounds resembling chlorides, which are called iodides, 
bromides, and fluoridets. None of these substances-aTO 
of ittuch importance ; those most deserving of notice 
are the iodide of sodium, which exists with the ehlo- 
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ride in sea^water, and the fluoride of ealcianr, which 
exists in spiall quantity in the bones of animals. 

194. PfiOSPHOBUS in several respects resembles sol- 
pbnr ; like it^ it is a readily fusible and very combus- 
tible solid. It is t>f a white color, about as hard as 
wax, and has so strong an affinity for oxygen that it 
takes fire in the air with the greatest facility m soon 
as it is a little warmed. Like the preceding element, 
chlorine, it is never met with in a separate state, but 
always in combination. Its post important compound 
is phosphoric acid, the substance which is formed when 
phosphorus burns in the air or in oxygen ;.it is a white 
solid substance,' very soluble in water, and eagerly 
combining with bases to form a ^lass of salts called 

. phosphates (161, 242). 

195. Phosphoric acid is generally obtained by de* 
composing one of its compounds by sulphgric. acid. 
The most abundant compound of phosphoric ai^id is 
that in whtch.it is united to lime, called the phosphate 
of lime (242) : this substance is an ingredient of the 
bones of animals, and of most organic substances* 
When sulphuric acid is mixedwith^phosphateof lime, 
the latter is decomposed, and its phosphoric: acid is 
set at liberty. The acid may be artificially made by 
burning phosphorus in the air, from which it abstracts 
the oxygen, and leaves the) nitrogen unaltered; just 
in the same way thiekt carbon when burnt in air, forms 
carbonic acid: only that in this case th^ product of 
combustion is a gar, like the air ; whikt the result 
of the combustion of phosphorus, is a white solid 
acid* 
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CHAPTEA III. 

HETALLIC ELEMENTS — ^THB ALKALIES — THE ALEALINS' 
EARTHS, AND THEIR SALTS. 

• 

196. In classifying the elementary substances, the 
first and most obyioas arrangement seems to be that 
of dividing ibhem into non-metalKc and metallic; the 
former including oxygen, chlorine, &c., or the sup- 
porters of oombustion as they are sometimes called,, 
together With the non-m«taUie simplo combustibles, 
such aa carbon and sulphnr, 4cc.; whilst the latter 
includes iron, ^old, lead, tin, and all the ordinary 
metals, as well as a nopber of very scarce metals ; 
some of which, however, are very abundant in a state 
of cotnbination, though they are hardly ever met with 
in a pure and separate form. 

197. In the pure state, the metals «re chiefly im- 
portant for their strength, hardness, malleability, and 
other mechanical properties; their intecest to the 
chemist is fot the most part confined to their eombi*' 
nations, and the different compounds which they 
form by combining ia various ways, with the non- 
metallic elements. The oiudes, or ^he substances 
which the metala form by uniting, with oxygen, are 

9 



98 POTASH. 

perhaps the most important of all their compoands, 
a. very great number of them are bases (109). 

198. The class of substances called bases, or those 
with which acids can combine,' is very numerous. 
The commonest, and therefore the most important, 
are the three alkalies — ^pota0h, soda, and ammonia, 
together with » few substances called earths, because 
they are the principal ingredients which enter into 
the composition x>t the earth or soil. The nature and 
properties of ammonia have already been considered 
(148). 

199. PoTASB never occurs pure in a free state; its 
most abundant source is the vegetable kingdom, and 
the simplest^ method of procuring it is by burning 
wood. When this is done, after all the combustible 
matter is burned, there remains a quantity of a white 
or gray substance called ashes, which whe& put into 
water forms a caustic solution* This is eanaed by the 
preseuee of potadb, which, not being altered by the 
heat occasioned by the burning of the wood, is left 
in the ashes. 

200. In this way, however, we do not obtain the 
potash pure, because, being a powerful base, and 
having a strong affinity for acids, it combines with 
some of the carbonic acid formed by the burning of 
the carbon contained in tfaemrood, and therefore the 
eaustio substance found in the a8he6^^of the wood ii 
an impure carbonate of potash. It is obtained tole^ 
rably pure by pouring water on wood ashes, straining 
^ the dear liquor, aad evaporating it ; « white salt 
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is left^ which is the carbonate of potash separated 
from most of the^other matters wfaieh were contained 
in the ashes, and when thus purified it is called pearl- 
ash. 

201. Pure potash is readilj obtained from its car-* 
bonate, by means of qniqkUme; that sabstance has a 
stronger affinity for carbonic acid dian potash has, 
and accordingly it decomposes the alkaline, carbonate 
and leaves the alkali in its pure state: when free 
from any acid, it is (band to be a very caustic solid 
substance, which has a strong affinity for acids, and 
IB difficult to keep perfectly pure, as when exposed 
to the air it rapidly acquires carbonic acid from it, 
and becomes eonrerted into the carbonate. 

202. Potash is not a simple substance ; like soda, 
it is a compound of a metal and oxygen (190). By 
the action of charcoal at a very high temperature it 
may be decomposed, for at a white h^t the affinity 
of charcoal for oxygen is so great that it is even able 
to take it from potassium, as the metal of potash is 
termed. Potassium is of course never found in a 
native state, for its affinity for oxygen is so great 
that when exposed to the air it instantly absorbs a 
quantity of that gas, and is soon converted into 
potash. It may readily be proved that potash, soda, 
and the earths are all compound bodies, and that they 
consist of peculiar metals combined with oxygen ; but 
as the affinity which they have for that ^element is 
very great, and as they are never decomposed' under 
or^nary circumstances, it is quite unnecessary to 
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study the nature of potsesiam, sodiusn, &o., fortber 
than to know that they are white silyerj-looking 
metals, which by combining with oxygen form potash 
and soda. For all practical purposes we' may. think 
of potash, soda, and the earths as elementary sub- 
stances. 

203. Potash has a strong attraction for water; sa 
that, when dry, pure potash is exposed to the air, it 
very soon becomes moist, and in a short time has 
attracted so much water from the. air as to appear 
changed into a liquid. This power of attracting 
water from the air is common to niest of the salts of 
potash, as well as to many i>ther saline compounds ; 
it is termed deliquescence, and such sdts are said ta 
be deliquescent. Pearlash, if left exposed to the air, 
rapidly becomes moist, and finally runs into a liquid^^ 
which is a very strong solution of that salt in water; 
pearlash, therefore, must always be kept in .a dry 
place, and in well-closed vessels. 

204. In the same way, we often find that commoar 
salt^ when kept in a damp place, becomes very moistt 
this ^ is not occasioned by any attraction which the 
salt itself has for the moisture in the air, but by 
certain saline- impurities usually contained in the 
g^lt, which have this power in li high degree (252). 

205. Chloride of potassium may be formed by 
heating the metal potassium in chlorine, or by acting 
upon potash by muriatic acid (190); it is not a salt 
of mudh interest; it has been occasionally recom^ 
mended as a manure (891), 
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206. One of the . most important of tlie Btlts of 
poiasb, is the nitrate, or, as it is commonly called, 
saltpetre, or petre, which is found natire in many 
plac€BB as a white powdery matter on the snrfaee of 
the ground,- and is proonred pure by washing the 
earth, and evaporating the solution of nitre thus 
obtained. 

207. Nitre is a perfectly neutral salt, and is in 
tiial; respect very different from the carbonate of 
potash^ which,' idthough far less caustic than pure 
potash, has still very considerable caustic powers, in 
consequence of which it is so ^commonly used in 
washing, and for other household purposes. Car- 
bonic acid, in combining with the alkalies, does not 
seem able to iwuttalise tbem, or destroy their alka^ 
line powers so completely as most other acids can ; 
and therefore it must be remembered that the carbon- 
ates of the alkalies still possess some of the powers 
of the alkalies themselves. The other compounds 
formed by the alkalies with the more powerful acids 
are quite neutral, and in them no traces of the alka- 
line nature of the bases can be found, 

208. One! of the principal uses, of nitre k in the 
manufacture of gunpowder, which consists of nitre, 
charcoal, and sulphur, finely powdered, and very care- 
fqHy mixed together^ The chemical action which 
takes place during the but^ning or explosioii of gun^ 
powder is very simple; The nitre consists of potash 
and nitric acid, the latter substance contains a large 
quantity of oxygen, combined by a compan^tively 

9* 
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weak attraetio& with a portion of nitrogen. The finely- 
powdered charcoal had a verj strong attraction for 
ozjgen, and when safficiently heated ieable todee6m« 
pose the nitre, seizing upon the oxygen of the nitric 
acid, and forming carbonic acid, a small portion of 
which combines with the potask of .the nitrate, and 
forms carbonate of potash. 

209. The nse of the snlphnr in gunpowder is simi«- 
lar to its n^e in the lighting of a common . snlphnr 
match; it verj easily catches fire^ and the flame thua 
produced instantly heats the charcoal so mnch thai it 
is able to decompose the nitre. 

210. The mechanical force of gunpowder when 
fired, is occasioned by the instantaneous production 
of a large quantity of gais from^ a small bulk of solid 
matter : as the whole of the nitrogen, and the greater 
part of the carbonic and- sulphurous acids formed, are 
given off in the gaseous state, and comparatiyely little 
is absQrbed by the potash ^ 

211. During die burning of gunpowder, a small 
portion of sulphuretted hydr)ogen is commonly formed;, 
which occasions the bad smell (182) commonly per- 
ceived: the^hydrogen necessary for the formation of 
this g^s is derived from a little moisture which gun- 
powder -generally contains; pure and perfectly dry 
gunpowder contains no hydrogen^ and hence, in its 
firing, no sulphuretted hydrogett can be found* 

212. Kitre is one of the few compounds ^f nitric 
acid which are found native, and, indeed, it was till 
lately almost, the only source of thtit ackl. It is ids6 
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Bsed ti» a maQQre, and will therefore come before va 
again on ti fature'oceaaioa (8d8)'. 

213.- Snipfaate of ^aah is a aoInUe aalt, readitj 
formed by acting on any of the ordinar j aalta of the 
alkali, snch as the carbonate or nitrate^ by eolphnrio 
acid; it is chiefly nsed by the maiiafactiirers of ahim 
(257). 

214. Salts xft potash are met with in a great many 
plants in Small quantities; they are likewise almost 
always to be^ foond in the soil, and potash is by no 
means uncommcm in stones ; indeed, it is evident that 
the salts of potash found in the soil must have been 
derived from the gradual breaking down and decern* 
position of stones and rocks containing oomponnds of 
potash« 

215; The second idkali; soda, is in its general cfaa« 
racters similar to potash; it is a very caustic, solid, 
white substance, has a powerful attraction for 'acids, 
and is consequently never found in a pure and sepa- 
rate condition, but always in combination with An 
acid^ or some other substance. The most abundant 
source of soda^ is. common salt, which exists in very 
large quantities in sea-water, and is Hkewise found 
native in. the earth, when it is called rock-salt, to 
distinguish it fj^om the salt obtained by the evapora.* 
tion of sea-water> at^d called sea or bay salt. . 

216<r Common salt has already bee9 stated to be a 
diloride of sodium (189),^ a compound of chlorine with 
a white brilliant metal called sodium. It used Cor^ 
merly to be called a muriate of soda, because it was 
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known that ralphurio ftcid ponr^d on salt ezpeh mm- 
riatic acid, irhilst, on the other hand^ there are suh"' 
staneea which <^an take away the aoid and leave oans- 
tic soda. It is now known that drj salt contains 
nothing hat chlorine and sodium ; and whed it m de^ 
composed hy sulphuric add, or in any other way^ the 
muriatic acid and soda evolved were not contained 
in the salt, but are formed by the decomposition of 
a portion of water, the oxygen of which unites with 
the sodium to form soda, whilst the hydrogen ccmn- 
bines with the chlorine to form muriatic add* Hence, 
though. staricftly^ speaking common salt is« chloride 
of sodium, yet for practical purposes it may be con^ 
udered as a muriate of soda; because wha^ver 
change it undergoes, or in whatever manner it is de*- 
composed, soda and muriatic acid are given out just 
as if th^ were really the^components of salt. ^ 8oda 
is an oxide of sodium. 

217. The only other compound of soda, which 
occtirs native in any quantity, is 4he nitrate or cubic 
nitre, as it is commonly called. It is found native 
in large quantities in certain parts of South America, 
and is used to a considerable extent as a manure^ 
When it was first brought over to this country, some 
few years ago, it was proposed to substititte it for the 
nitrate of potash in the manufacture of gunpowder^ 
and in the preparation of nitric acid. It was, how- 
ever, found that it possessed the property of attract* 
ing moisture from the air ; and hence, being always 
more or less damp, it could not be used by the gnn^ 



CA&BOVATB OV 80DA. 1<^ 

powder-makenu Wken first imported its price was 
low, and it was accordingly advantageonsly substi- 
tuted for the more expensive nitrate of potash in the 
manufacture of nitric acid ; bot as the price of nitrate 
of soda soon rose, it was no longer found profitable 
to nse k for this mannfactnre, and now almost the 
only pnrpbse for which it is employed is as a manure* 
It appears to resemble the nitrate of potash in its 
effects on growing plants, and like it to exert con- 
siderable influence on the fertility of certain kinds of 
land (901). 

218. The ^^soda" of commerce is, as will be 
readily supposed, not the pure alkali soda, but is a 
carbonate, and, like the carbonate of potash, pos* 
sessed of considerable <;austic properties. It was 
formerly for t|ie most part procured by burning sea- 
weed, the ashes of which eontain a Urge quantity of 
carbonate of soda, and immense quantities of sea- 
weed were annually collected uid burnt, for the purr 
pose of obtaining weed*ash, kelp, or barilla, as the 
crude salt was called. 

219. Of late years, however, means have been 
discovered of obtaining the. carbonate of soda by de« 
composing common salt ; from which it is now manu- 
factured so cheaply that it has not only superseded 
the use of kelp or barilla for all purposes where car- 
bonate of soda is required, but has also from its low 
cost been substituted to a great extent for potash 
apd. pearlash ; and hence the carbonate of soda, or. 
^soda," as it is eommo&ly called, is tfirj largely used 
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in tlie arts of glass and soap-making) and other pro- 
cesses where a^ alkali is employed. 

220. In order to obtain oarbonate of soda by tho 
deoomposition of common salt, it is first of all -neces- 
sary to convert tbe salt into a sulphate ; this is done 
by mixing it in certain proportions with oil of vitriol 
or snlpfavric acid, and heating the miztnre in a 
ftirnace. Muriatic acid is expelled, and the sul- 
phuric &cid, which has a powerful attraction for the 
soda, combines with it and forms sulphate of soda 
(190). 

. 221. The second process is to mix the sulphate of 
soda thus formed with chalk and pounded coal, and 
to strongly heat the mixture in a furnace ; the sul- 
phate is decomposed at a high heat by the charcoal 
or carbon of the coal, which takes oxygen both from 
the sulphuric acid and from the soda, forming a sul- 
phuret of sodium. This in turn is decomposed by the 
chalk, and a carbonate of soda is produced, which is 
of course impure, containing charcoal, aad an in- 
soluble compound of lime ; so that, by pouring water 
on the crude salt after it is taken out of the furnace, 
a clear colorless solution is procured, yielding on 
evaporation a clean and nearly pure carbonate of 
soda. . . '' 

222. This ^^ soda ''contains a large quantity of 
water, although apparently dry ; and when left ex- 
posed to the air, it does not, like the carbonate of 
potash, attract water from the air, Jbut, on the con- 
trary, parts with it and becomes drier, at the same 
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time crumbling down to a fine powder, which is foniid 
to be tess caustic than it was before it underwent 
this change* The reason of this is, that when the 
carbonate of soda, bj expoBnre to the air, parts with 
a quantity of water, and consequently becomes- much 
ligliter, it at th^ same time gradually combines with 
a second dose of carbonic acid, which it obtitins from 
I the air, and its caustic qualities become more fully 

neutralized than they are in the common carbonate. 

223. The salts of soda are for the most part white, 
and easily soluble in water ; and, like the compounds 
of potash, are widely diffused throughout nature. 
They are found, besides the sources already men- 
tioned, in many rocks and soils : a great many plants, 
more especially those which grow near tiie sea or in 
salt marshes, contain large quantities of salts of 
soda ; and a good many of. the compounds which 
this alkali forms with different acids are fooind native, 
though in far smaller quantities than the nitrate* 

224. The sulphate of soda is also found natiye in 
Spain and other countries, and is frequently met with 
in mineral waters ; it is also called Qlauber'il salts, 
and Chehenfaam salts, as it is the principal ingredient 
in the minei'al springs of Cheltenham. Sulphate of 
soda is left after the process for obtaining muriatic 
acid (190): it is Occasionally employed as a manure. 

225. The earth, ornioil, consists of a mixture of 
various ingredients; but the greater part of it is com* 
posed of certain substances which are called earths. 
Some .of these are bases, and resemble the alkalies; 
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If bilst the remainder are not bases : that is to say, 
they seem to have no affinity for acids, and cannot 
combine with them to form salts. The most import* 
ant of the earths which are bases, are called lime, 
magnesia, and alomine; the two former are called 
alkaline earths, ^ distinguish them from the last, as 
they possess the property of reddening vegetable- 
colors, thqngh in a far less powerfal manner than 
the alkalies, whilst alumine does not. Silica is not a 
base. 

226, .Limb, in its pare condition, is a highly caustic 
whitish-gray solid substance, slightly soluble in water, 
but far less so than the alkalies are. It has a very 
strong attraction for acids, being even able to decom* 
pose the salts of the alkalies, in consequence of the 
superior attraction which it has for the acids contained 
in them; and it is for this reason that it is customary 
to mix quicklime with wood-ash, which contains com* 
paratively little free pDtash, as the greater part 'is 
combined with carbonic acid (200), when it is desired 
to make a "very strong caustic ley : the quicklime de* 
composes the carbonate of potash, combines with the 
carbonic acid, and becomes converted into carbonate 
of lime ; whilst the potash, being ^o longer com* 
bined with an acid, is able to exert its caustic powers. 
Lime is the oxide of a metal calli^ Oalcium (202). 

227. In consequence of its strong affinity for acids, 
lime Bevei^ occurs native in a pure and simple state, 
but always in combination with some acid; the most 
common^ compounds of lime are J^he carboHate, and 
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tbd Bftlphate ; the former of these, especially, is a tot j 
abu&dani subataace, existing natarallj in immense 
qnantities in the different forms of chalk and lime- 
stone ; it is also very commonly an. ingredient of the 
soily and <cons]titiiies a considerable part of the bones 
of animals, and shells. 

228. As has already been stated (119), lime has a 
less powerful attraction for carbonic acid, than it has 
fof any other acid ; and therefore when we ponr a 
quantity of any acid over carbonate of lime, great 
babbling, or frothing *ie occasioned by the escape of 
the earboni^ acid, which is set at liberty, when the 
lime combines with the new acid (117). 

229.- This babbling, or efferyescence, as it is called, 
enables «s very easily to ascertain whether a stone be 
limestone or not, and likewise whether any ^particular 
soil contains carbonate of lime ; for if any acid, snch 
as vinegar^ does not occasion any efferYescence, it is 
eertwi that no carbonate of lime is present ; and if, 
on the other hand, it does expel babbles of gas, we 
may be quite^sure that a portion of some earbonate 
is present, and by far. the most oommon of these is 
the carbonate of lime. 

230« AH the forms of this substance are tasteless, 
and quite insoluble in pure water/; but rain-water, 
which <}ommonly contains dissolved, in it a very small 
quantity of carbonic acid, has the ^ower of dissolving 
carbonatcjof lime : hence we commonly see the surface 
of chalk or limestone appearing to be gradually cor- 
roded, or worn away by the rain ; and for the same 
10 
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rea80Qy4)uildiiig8 of freestone or limestone are m«ch 
leas- durable than those which are built of. granite^ a 
stone which does not contain carbonate of lime, and 
is, therefore, not thus adted on hj rain-water. 

281. In this kind of action, no chemical change is 
effected: the carbonate of lime is mereljdissdved hj 
water holding in soktion carbonic acid: hence when, 
either from heat or any other caase,the carbonic acid 
is expelled from the water, it is no longer able tohdld 
the carbonate of lime in solntion, which is therefore 
deposited again unaltered. 

232. Spring-water, for example, which often holds 
carbonate of lime thns dissolved, becomes milky or 
turbid when boiled, and not unfrequently deposits fur 
in the inside of boilers and kettles ; such water k of 
course not fit for domestic uses, cookbg, &o.; hut by 
simple boiling it is at once rendered far better, the 
chalk being then separated. 

238. The uses of carbonate of lime are yery nume* 
rous^: one of the most important is for bjuminginto 
-lime. Xhis is a Tery ci]uriou» process, for heat gene« 
rally increases the attraction which two different snh* 
stances have for each other ; yet in this and some 
other cases it rather diminishes it, and, the strongest 
heat is unable to drive off earbonic acid from its com* 
bination with potash or soda, tiiou^ June, which 
parts with it so readily when heated, is able when oold 
to take it from either of the alkalies. 

234. When quicklime is mixed ^ith vegetable or 
animal substances, it renders the proccps of putrelac- 
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tion far less noisome tlisn it is under ordinary oir- 
camstanoss; because the Vine absorbs solphnretted 
hydrogen, carbonic arid, and many of the products 
of decay. 

285. When quicklime is slaked with irater, it crump 
bles down to a powder, and is found to hare combined 
with a quantity of water ; although it appears quite 
dry, for the water is chemically combined with the 
lime : if this lime thus slaked is left exposed to th6 
air, it combines with carbonic acid, and becomes 
changed into carbonate of lime, and at the same time 
parts with the water with which it had preyiously com- 
bined; Slaked lime is less strongly caustic than quick- 
lime, because part of the action of lime on organic 
matter is caused by its strong affinity for water; 
nevertheless, even slaked lime possesses strong caustic 
properties. 

236. Common mortar, which consists of slaked 
lime mi:(ed with sand, chopped hair, &c., is a hydrate of 
lime ; its setting depends chiefly on the absorption 
of carbonic acid from the air, which forms again with 
it a kind of chalk or limestone. Hence mortar gradu- 
ally improves, becoming harder after a time, when it 
has absorbed a sufficient quantity of carbonic acid 
from the air to be wholly converted into carbonate. 

237. Sulphate of lime is less common and abund- 
ant than the carbonate ; it is, however^ a frequent in- 
gredient in the soil, in spring and mineral waters^ and 
is found sometimes-in large beds, constituting what 
is called plaster-stone, gypsum, and alabaster ; these 
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are all compoands of Ihne and snlpharic acid, and pre^ 
cisely aimilar in composition. Common plaster of 
Paris is dry sulphate of lime, or gypsnm, deprived by 
heat of the water which it naturally always contains, 
and, when mixed with a sfliall quantity of water, it re* 
combines with it, and becomes a hard, dry, 6oUd sab* 
stance. 

238. The baming of gypsam to make plaster of 
Paris, is quite different from the burning of chalk to 
make quicklime : in the former case the native sul- 
phate of lime, which contains water, is heated and the 
water thus expeUed ; whilst in the burning of lime not 
only is the water expelled which the chalk usually con- 
tains, but also the acid itself, with which the lime was 
combined. 

289. Snl}5hateof lime is dissolved in small quantity 
by water, and accordingly we find it almost always 
present in spring- water, which derives it from the soil 
through which it rises ; it is the presexice of this sub- 
stance in spring-water which gives it that hardness 
which distinguishes it from common river- water, and 
renders it less pleasant to use than soft water ; in fact, 
one of the great distinctions found between hard and 
soft water is the presence or absence of sulphate,^ op 
carbonate of lime, which, though contained in but 
small quantity, greatly influejices its usefulness for 
domestic purposes (232). 

- 240. Nitrate of lime is a white salt, easily soluble 
in water, and readily formed by acting on lima or its 
carbonate by nitric acid. It is also formed whenever 
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organic malters containing nitrogen are anffered to 
pntrefyin contact with lime; when animal manure and 
lime are left together, nitrate of Ume is formed ; the 
same salt is frequently found in the mortar of old 
wallS) particularly those of stables and similar oat-> 
houses. When mixed with . a solution of carbonate 
of potash, both salts' are decomposed ; nitrate of pot- 
ash and carbonate of Hme being formed. By this 
process, nitre has often been made in what are called 
nitre-beds. 

241. Muriate Of lime, or, more properly speaking, 
chloride of calcium, is a very soluble salt, easily formed 
directly from lime and muriatic acid, and remarkable 
for its great attraction for water (208). It exists in 
sea-water, and consequently is often found in common 
salt. Mixed with a solution of carbonate of iimmonia, 
both salts are decomposed, chalk and muriate of am- 
monia* being formed ; this is remarkable, because those 
two salts, when mixed together dry, and heated, form 
muriate of lime and carbonate of ammonia (155). 

242. There is only one other compound of lime of 
much importance, and which has already been men- 
ticmed ; this is the phosphate. It is found in small 
qualitity in most plants, and forms a great part of the 
solid matter of the bones of animals (694, 8S6, 876). 

243. Phosphate of lime is by no means abuitdant 
in nature, but it exists in smaU quantity in a great 
many substances. Traces of phosphoric acid are 
found in a great number of rocks attd stone^y in the 

10*- . . , . 
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Boily in almost all plants, and in animal QiatteriEK. It 
never oeonrs free, or uncombined, but always in iicm* 
bination with a base, and this is very commonly lime. 
Thus we always find phosphate of lime in wheats and 
all these vegetable substances whioh constitute pari 
of the food of man and animals ; and we find it in a 
very considerable quantity associated with carbonate 
of lime, 'in the bones of all animals, who obtain from 
it all the substances on which they feed. Phosphate 
of lime is insoluble in water, but readily dissolves in 
solutions coiktaining a little free acid. 

244. Phosphate of lime is easily decomposed by 
the more powerful acids, such as sulphuric acid and 
muriatic acid ; in the former case an insoluble sul- 
phate will be formed, and phosphoric acid left in 
solution ; and in the latter, a clear solution will be 
obtained containing phosphoric acid (195) and muriate 
of lime, a salt which is also very easily soluble in 
water. 

245.- Sulphuric acid, does not wholly decompose 
phosphate of lime, though it takes from it the greater 
part of the lime which it cojatains; the phosphoric acid 
is still combined with a small quantity of lime, con- 
stituting a bi-phosphate of lime (840); the results of 
the action of sulphuric acid, therefore, are sulphate 
of lime^ a super or bi-phosphate of lime, and free 
phosphoric acid; the two latter may be readily sepa-^ 
rated from the gypsum by the addition of water, they 
being very soldhle, whilst the latter is very little so* 
luble in that fluid. A mixture of phosphate of lime 
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and sdplmvtc acid is freqnently called anper-phoa- 
phat^ of lime, and is much used as a manare. 

246. Magnbsia is an earth somewhat similar to 
lime, but for less common and abundant ; like lime, 
it is the oxide of a verj combustible metal, which, 
exposed to the air, soon takes oxygen and forms the 
earth« The base of mi^nesia is called magnesium 
(202). Magnesia occurs usuallj in connectioii with 
lime, forming what is called magnesian limestone, 
which is a mixture of carbonate of Unte and carbonate 
of magnesia* 

247* The commonest forms in which magnesia is 
found are the carbonate, the sulphate, the muriate, 
and the phosphate. ^l%e carbonate is sometimes found 
native, pure, but by far more frequently it is mixed 
with carbonate of lime oi^ limestone, the properties of 
which it considerably modifies. When carbonate of 
magnesia is strongly heated, it parts with its car^ 
bonic acid, and the pure earth magnesia is obtained. 

248. This earth is almost insoluble in water, and 
far less strongly caustic than lime ; it also has less 
affinity for carbonic acid, so that when left exposed 
to the air, it does not, like lime, rapidly become con- 
Terted into carbonate, by absorbing carbonic acid 
from the air, but remains for a long time caustic; 
atid hence, when a magnesian limestone is burnt in a 
limekiln, the quicklime obtained of course contains 
eaustic magnesia, which, if exposed to the air, will 
remain caustic long after the lime has become reeon^ 
▼erted into carbonate; it is for this reason that lime- 
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stone containing magnesia cannot be used for some 
parposes, where the canstie powers thus retained are 
objectionable (878)*- 

249« The carbonate of magnesia, like the carbonate 
of lime, and indeed all other compotinds of that acid, 
is easily decomposed by any more powerful acid (117). 

250. When magnesia or its carbonate is acted on 
by sulphuric acid, sulphate of magnesia is formed, 
which is a salt easily dissolved by water, and distin- 
guished by a peculiar sweet-bitter taste. It is found 
in many mineral waters, and exists in unusually large 
quantity in some springs near Epsom, in consequence 
of which it is commonly called Epsom salts. A solu* 
tion of sulphate of magnesia is readily decomposed 
by the alkaline carbonates; carbonate of potash, 
soda, or ammonia, throwing down carbonate of mag- 
nesia. 

261. The compound of muriatic adid and magnesia, 
or chloride of magnesium, is also frequently found in 
mineral waters, and exists in some quantity in sea- 
water ; it is very soluble in water, and therefore, when 
sea-water is eyaporated in order to procure the -com- 
mon salt which it contains, it is ncTer. wholly evapo* 
rated; but when the greater part has been drjren off 
by heat, and a large quantity of common salt is depo^ 
sited, the remaining liquor, commonly called bittern, 
which contains a little common salt, and nearly all 
4he muriate of magnesia, and other easily soluble 
salts, is drawn off. 

252.- The muriate of magnesia, like the ipuriate of 
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lime, is a very deliqaeseent salt; that is to saj, it 
has a very strong attraction for water, and hence, 
when exposed to damp air, it soon becomes moist, 
and at last we find, instead of the solid salt, a yery 
strong eolation of it in wat^. It is to . the presence 
of a small quantity of these two salts in common sea- 
salt that its deliquescent properties before alluded to 
are due (204). 

253. The phosphate of magnesia, like the carbon- 
ate, is seldom found alone, but usually mixed with 
the phosphate of lime: thus we find it associated 
with that substance in small quantity in many animal 
and vegetable matters, and likefwise in the soil ; like 
the phosphate of lime, it is insoluble in water, but . 
reacUly soluble in dilute acids. Phosphate of mag- 
nesia has a considerable tendency to form double 
salts (112) ; thus a double phosphate of magnesia and 
ammonia is very frequently found in plants and 
animals; it is readily formed artificially by adding 
phosphate of ammonia to a solution of sulphate of 
magnesia ;^ it is slightly soluble in water, and has 
been strongly recommended as a manure. The uses 
of magnesia are limited, and the most important pur- 
poses to which its compounds are applied are as 
medioines. 
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CHAPTER IV. 

MSTALLIC BLSMfiKTS-^THB BAKTH8 — MBTALS— USTAt.- 
LIC OXIDBfl, AND SALTS. 

254. ALtriciVAy or pare daj, is a T^ry abundaBt 
and widely-diffiised snbstanoe. It occurs natiVc both 
pure and in combination, bnt it is most nsoallj met 
with mixed with another earth, called silex, and com-* 
bined with a quantity of water. It is scHnetimea 
found pure and free from water or any acid, And oon^ 
stitutes the hard gems called ruby and sapj^ire; but 
these are very rare, and seldom met with. Alumina 
is the oxide of a metal called aluminum (202, 285). 

255. The properties of alumina, in the ordinary 
state ill which it occurs in the soil, are jery different 
from those of the bases described in the last<;bapter ; 
it combines with acids to form salts, but is quite in* 
soluble in water, has no caustic powers, and does not 
absorb carbonic acid from the air. It has a strong 
attraction for water, and when thoroughly wet, it 
appears in the form of a yery tenacious paste^ re-» 
markable for its great plasticity, and the ease with 
which it may be moulded into any form. All the 
Tarieties of clay derive their tenacious property 
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from the large qoaotity of this earth which they eon- 
tain; and ti^ whole of the art of making pottery, 
bricks, tiles, kc^ is in great part dependent on tUs 
property of alumina; 

256« This earth is able to combine with acids, bni 
the salts which i^ forms Mre mostly of yery little im- 
portance, and we need not inquire into their charac- 
ters* The only one which is found native is the phos- 
phate, bat this is by no means of common occurrence; 
it is only found in certain districts, and in Tory 
limited quantity. 

367« The sulphate of alumina is largely manufac- 
tured from certain kinds of slate or shale, which con- 
tain alunnna and sulphur. When sulphate of alumina 
is mixed with sulphate of potash, the two salts com- 
bine and form a double salt, the sulphate of alumina 
and potash, or common alum. If a little potash is 
tdded to a solution of alum, the sulphate of alumina 
will be decomposed, pure alumina wUl be separated, 
and sulphate of potash alone remain in solntbn (112). 

258. Silica, or silex, is the only other earth of 
much importance besides the three already men- 
tioned ; it is found abundandy, both pure and mixed 
or combined with alumina and other substances, con? 
stituting, in. a nearly pure condition^ qoartss, sand, 
flint, &cv, and, when associated with, alumina, form- 
ing day and a numerous series of stones ; being, in 
fact, an e^Mntial ingredie^it of tiie greater number ^ 
the hard st(mes with which we are acquainted. 

259. Silica differs from the preceding earth, alu- 
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miiift, in not bebg abaae--4^ being unable to com- 
bine with acids; indeed, it has rathar the character of 
an acid, for it is able to combine with the alkalies so 
much in the manner of acids, that it is yery frequently 
termed silicic acid^ Silica is the oxide of a peculiar 
substance ha^ng many of the properties of metal, 
and to which the name of Silicon has been giyen 
(202). 

260. Silica, in its common forms, is quite insoluble 
in water, unacted on by the air, and, under ordinary 
circumstances, a very unchangeable substance : when, 
however, combined with the alkalies, it is easily dis- 
solved in water, and the compound thus formed is 
sometimes present in very small quantity in mineral 
waters. ^ 

261. When silica is obtained by the decomposition 
of any of its soluble compounds, it appears in the 
form of a transparent Jelly, which dries into a very 
jfine white -powder, like flour; when freshly precipi- 
tated from a solution, thisr jelly is slightly soluble in 
water and in dilute acids, a property, however, which 
it loses by being thoroughly dried. 

262. The ordinary forms of silica or silicic acid, 
such as sand ^or flint, ure very little acted, on, by 
potash ; but when finely powdered silica is mixed with 
potash or so&a, and strongly heated, they melt and 
form a clear transparent substance^ which is in fact 
glafts. Indeed, so strong is .the affinity which silica 
has for potash and soda, that, if fine sand or pounded 
flints are mixed with the carbonate of either of those 
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bases, ftnd strongly heated, the carbonic acid is ex- 
pelled, and the silica and alkali unite to form a glass. 
Saeh a compound is called a silicate. 

263. Common glass always contains other sub- 
stances, but the basis of all good glass is this com- 
pound of silica and alkali — either silicate of potash 
or soda* The proportions taken of the two ingredi- 
ents are always Such that the glass obtained shall be 
perfectly unacted on by water ; but if more alkali be 
employed than is requisite to form a good glass, a 
silicate will be obtained which is readily soluble in 
water. A solution thus made is easily decomposed 
by any acid, as the potash has comparatively but 
a weak attraction for the silica, and hence that 
substance is separated from its solation on the addi- 
tion of almost any acid. 

^^64. Though potash is scarcely able to combine 
with silica at a common temperature in its usual 
states, yet wheu the silica is in an exceedingly fine 
powder, the alkali is able to dissolre a small quantity ; 
but this action is far slower and less perfect than 
when- the two are strongly heated together. 

265. Silica is almost always an ingredient of the 
soil, and exists there not only in ita solid and insolu- 
ble form of sand, but also in the soluble condition of 
silicate of potash or soda ; it will easily be seen that 
as many stones contain silica, they will, whilst gra- 
dually decomposing and crumbling down by exposdre^ 
to the air, constantly add to the soil silica in a very 
finely divided state, and therefore well adapted to> 
11 
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combine with either potash or 80de ; and besides, as 
many stones contain silica in combination with pota^ 
or soda, so these stones, in crumbling ftwaj, present 
a coi^stant sonrce of soluble silica, 

266. Silica is found in many plants, such as, for 
example, corn and grasses, the stalks of which mainly 
derive the strength requisite to enable, them to grow 
erect from the silica which they contain. Plants de~ 
rive this earth from the soil, and are only able to ab-^ 
sorb by their roots the silica, ifrhich, by having com- 
bined with alkali, has become soluble in water, and is 
consequently able to enter into the structure of the 
plant. 

267. Silica, ,or silicic acid, combines with lirne^ 
magnesia, and alumina, to form silicates, 'as well as 
with the alkalies, potash and soda ; these silicates are 
for the most part insoluble in water, axid constitute, 
either pure, mixed, or combined together, an immense 
variety of different stones ; the action of the atmo- 
sphere and other natural circumstances combine to 
effect the gradual deeompositiop of such compounds. 

268. Besides the three earthy bases already spoken 
of^ and a few others of far less importance, as they 
are very rare, and only to be found in particular 
places, there are a numerous series of bases ciilled^ 
metallic oxides, several of which are of great import- 
ance in the arts, and two of which are almost al]way a 
present in small quantity in the soil. * 

269. Most of the common metals, such as iron, 
lead, and zinc, gradually tarnish, and become, rusty 
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when exposed tp the air : the reason of .this is that 
they have a strong affinity for oxygen, and under 
these circumstances they gradaally become covered 
with a film of an oxide, or compoand of the metal with 
oxygen. Many of these metallic oxides are bases, 
and form with acids a very numerous series of salts. 

270. Modern discoveries have shown that both the 
earths and alkalies, are, in fact, the oxides of peculiar 
and very oxidisable metals (202). Hence the earths, 
alk&lies, and ordinary metallic oxides, are all classed 
together under the general term, base : they combine 
with acids to form salts ; thus gypsum, or sulphate of 
lime, is a compound of lime, which is the oxide of a 
peculiar metal, and sulphuric acid. Green vitriol, or 
sulphate of iron, is a compound of oxide of iron and 
sulphuric acid ; and Cheltenhaiii salts, or sulphate of 
soda, consists of soda (the oxide of sodium) and sul- 
phuric acid. 

27 1« To speak correctly, green vitriol should be 
called sulphate of oxide of iron, but such a system 
would be very inconvenient ; it is therefore customary, 
when speaking of the salts formed by the oxide of a 
metal, merely to call them by the name of the metal. 
Hence, when chemists speak of sulphate of iron, and 
carbonate of lead, they always mean salts of the 
oxides of those metals ; the metals themselves, not 
being bases, could not combine with the acids, to form 
salts. 

272. The salts formed by the combination of the 
different metallic oxides are called just as if they w^e 



124 IBON. 

Baits of the metals tbemselveSy because the oxides of 
the ordinary metals have no special names, like pot- 
ash, and soda, &c. ; thus the sulphate of the oxide of 
lead, fer example, is simply ^sailed sulphate of lead. 
When there are two separate oxides of a metal, both 
of which form salts with acids, that which contains 
least oxygen is called a protoxide, and. that which 
contains most^ a peroxide; the ajidition of proto or 
per to the name of a salt, shows whether it is a sail 
of the protoxide^ or of the peroxide ; thus the proto>- 
snlphate or per-snlphate, means a sulphate of th^ 
protoxide, or peroxide. 

273. The most widely diffused and abundant of all 
the metallic oxides, as well as that which i^ the most 
important and valuable in the rarts, is the oxide of 
iron, which exists in .different quantities in a great 
variety of stones, is* very common in soils, and is cjdn- 
stantly present, though only in sipall quantity, in 
the blood of animals, and in the juices of plants. 

274. Iron is very rarely indeed found native in 
its pure metallic state, but is usually met with in the 
form of an oxide, either pure or combined with car- 
bonic acid, and mixed with alumina^ind silica. Thus 
the rich black and red iron ores of Cumberland and 
other places are nearly pure oxide of iron, whilst the 
common clay iron-atones, as they are called, of Staf- 
fordshire and Wales, are either carbonate or oxide of 
iron, mixed with various proportions of alumina and 
silica. 

275. The important art of smelting iron is entirely 
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a ehemkal operation, and depends mainly, upon the 
fact thaty at a high temperature, carbon has a 
stronger affinity for oxygen than iron has ; and hence» 
If hen the native ozido of iron is heated with coal or 
charcoal, it is deoon^posed, and carbonic acid gas and 
metallic iron are the resalts of the process. 

276. When those ores are smelted which consist 
principally of oxide of iron, they are at once heated 
with carbon ; but when the clay iron*stones are nsed 
— and they ace the ores most commonly employed — 
they are first submitted to h preparatory process, 
something like the burning of lime, in order to ex- 
pel the cftrbonio acid gas which they contain ; and 
when thas converted into oxide of iron, they are 
mixed with carbon and lime, the use of the latter be- 
ing to combine with the silica or silicic acid and alu- 
mina, and form with them fusible silicates called the 
slag, which greatly assists in the melting and running 
together of the newly-reduced iron ; and, besides, by 
covering the metallic iron with a glassy coat, they 
protect it from further oxidation from the oxygen of 
the air. 

27 7« Iron is able to form two distinct compounds 
with oxygen, according to the quantity of that ele-> 
ment with which it combines : when it is combined 
with two-sevenths of its weight of oxygen, it consti- 
tutes a black substance, which is called the protoxide, 
and when combined with three-sevenths, forms a 
brownish-red substance, called the peroxide. These 
oxides are both bases, and each forms a distinct series 
IX* 
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of 'salts by combinibg. with ftcids ; but the salts formed 
by the protoxide have always a tendency to absorb 
oxygen from the air, and thus become converted iato 
the salts of the peroxide. 

278. The color of a great many stones and soils is 
principally caused by the presence of a small quan- 
tity of either the peroxide of -iron, or of a mixture 
of both its oxides. 

279. The rusting of iron, which proceeds so rap- 
idly when iron is exposed toilamp air, is caused, by 
the attraction which ihe metal has for oxygen. It 
is very remarkable that iron is unable to combine 
with the free oxygen always in the air, but is able to 
take it from water, its compound with hydrogen ; for 
we find that in dry air, iron remains cleaji and bright 
for a long time, but very rapidly rusts when exposed 
to the joint action of air, carbonic acid gas, and 
moisture, under which circumstances water is de- 
composed, and oxide of iron formed. 

280. The rust of iron is not a pure oxide, but 
commonly a mixture of both oxides with a portion of 
carbonate, or compound of the protoxide with car- 
bonic acid. Bust generally contains ^ considerable 
quantity of ammonia, for which substance oxide of 
iron has a strong attraction; when oxide of iron is 
thrown down from a solution whieh contains it, by 
ammonia, it is very difficult to expel the whole of 
the ammonisu from the precipi^jated oxide even by 
strongly heating it. 

. 281. Although iron cannot combine with the free 
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5z jgen of the air at ordiaar j temperatnraSy yet when 
BtroDgly heated it rapidly absorbs oxygen, and then 
becomes converted into a black scaly oxide ; when** 
ever a piece of iron is heated in the fire, a quantity 
of a brittle, bla^k oxide is formed on its surface^ 
ifbich easily rubs off the iron — and hence this metal 
is gradually worn away by exposure to fire ; it is 
from this reason that the iron pokers, fire-bars, and 
Other things much exposed to the fire, gradually get 
thinner and thinner, from the constant oxidation of 
the surface whilst hot, and the removal by rubbing 
of the brittle coat of oxide thus formed. 

282. When a piece of iron is very strongly heated^ 
it at last begins to burn; that is to say, the combi- 
nation of the external part with oxygen goes on so 
rapidly, and evolves so much heat, that the whole 
mass of iron is kept sufficiently hot to continue this 
process of combination, and in consequence the iron 
glows brightly, gives off abundance of sparks, and 
runs down in drops of the melted oxide, for some 
time after it has been removed from the fire in which 
it was. heated. In fact, iron, when thus strongly 
heated, would catch fire and continue to burn like 
charcoal, if it were not ^that the crust of oxide 
formed protect^ the itetal from further oxidation, 
and aoon stops its combustion. 

283. One of the most common and abundant of 
the orjBS of iron is called pyrites, which is a com- 
pound of iron and -sulphur; it is not used in the 
manufacture of iron, because it is very difficult to 
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teparate the sulphur completely from the iron, and 
the iiative oxides and carbonate are far more con- 
yenient sonrces of the metal. 

284. Pyritefl, or sulphuret of iron, is, however, 
a substance of considerable importance in the arts, 
being one of the sonrces of sulphur, which is ob- 

V tained by heating pyrites tn an o?en, so constructed 
that the sulphur, which is expelled in the state of 
vapor from the pyrites, is cooled and condenited 
into the solid form in a different part of the oven. 

285. Pyrites, when exposed to the air, soon crum* 
bles down, and undergoes a very curiotts change, in 
consequence of absorbing and combining with oxygen. 
Both the iron and the sulphur combine with oxygen, 
and form oxide of iron and sulphuric acid ; and hence 
the result of this action is dulphate of iron, or com- 
mon green vitriol, a salt much used in the iirts for b 
variety of purposes. 

286. Pyrites is most abundantly found in the form 
of variously-shaped balla imbedded in chalk; to 
which the common name of " thunderbolt*' is verjr 
improperly applied. As the chalk-hills on the Sefa- 
side gradually wear away, from the action of the sea 
and weather, these balls of pyrites get exposed to 
the air, and fall down on "the beach, whence they are 
collected for the use of manufacturers. Many springs 
of water contain a small quantity of iron, in conse- 
quence of which they have a peculiar inky taste; 
this is usually derived from the gradual oxidation of 
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fialpharet of iron ; a^nd from the same reason soila 
also sometimes contain traces of this salt. 

287. Sulphuret of iron is likewise very commonly 
found in coal, being sometimes dispersed throughout 
it in the form of little yellow shining particles, and 
sometimes as layers or Iqmps of the solid sulphuret ; 
its presence in C9al is for some purposes highly objec* 
tionable; because, whether the coal is burnt in its 
crude state, or after being converted into coke, a 
quantity of sulphurous acid gas is always formed by 
the imperfect combustion of the sulphur; and that 
nauseous-smelling gas causes serious mischief in 
several operations in the arts, and consequently in 
such cases, coal free from sulphuret. of iron can only 
be employed^ It is the presence of this substance 
in coal that causes the strong sufFocating< smell of 
sulphurous acid sometimes given out by coal and coke 
fires (173). 

288. The oxides of iron are quite insoluble in 
water, but many of the salts of iron, like the sulphate, 
are readily soluble in it ; the solutions of these salts 
are all decomposed when alkali is added to them ; 
this combines with the acid, and the o^^ide of iron is 
Beparated as an insoluble powder. 

289. The most important of the salts of iron is 
the sulphate, or common green vitriol : it may be 
formed by acting upon iron by dilute sulphuric acid ; 
when this is done, a large quantity of hydrogen gas 
is gi^en off, in consequence of the decomposition of 
a portion of water; the ozjgen combines witl^ the 
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iron to form oxide of Iron, which unites with the acid 
to form proto-Balphate of iron, whilst the hydrogen 
escapes. Green vitriol is, however, made on a large 
scale, principally from pyrites, in the manner just 
descrihed (285). 

290. Sulphate of iron, when pure, is a green trans- 
parent salty wholly soluble in water ; exposed to the 
air it becomes brown and earthy-looking, being par- 
tially decomposed, o^ing to the absorption of oxygen 
and formation of peroxide; when strongly heated, it 
IS wholly decomposed, water and sulphuric acid being 
given oflF, and oxide of iron left. When pure proto- 
sulphate of iron is decomposed by an alkali, a gray 
or black precipitate is formed of the protoxide ; aftet* 
a short time this precipitate becomes red, having 
absorbed oxygen, and become peroxide. 

291. The number of different metals known to 
chemists is very considerable, amounting in all to 
forty-six; but of these the greater ntimber are com- 
paratively rare, and of little importance, not being 
used for any practical purpose, and consequently 
chiefly interesting in a scientific point of view. It 
will, therefore, be sufficient to consider briefly ihe 
leading characters of eight of the most important of 
them (19). 

292. Gold is found native in a pure and separate 
State; it has very little affinity for oxygen, never 
tarnishing or showing any tendency to oxidize in the 
air either at common temperature or w^en strongly 
heated. It is insoluble in acids, except in a mixture 
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of nitric and muriatic acid, which dissolves it; such 
an acid contains free chlorine, for the oxygen of the 
nitric acid takes the hydrogen of the muriatic acid, 
and sets free the chlorine ; hence, we learn that the 
only solvent of gold is, in fact, a solution of chlorine. 

293. "When a solution of chloride of gold, thus 
obtained, is mixed with a solution of potash or soda, 
a dark-colored precipitate falls: this is an oxide of 
gold; irhea heated, it parts with the oxygen which 
it contains, and pure gold is left. The soluble com- 
pounds of the metal gold are all very easily decom* 
posed, because the metal has but a very feeble affinity 
for oxygen, chlorine, ^c» 

294. Silver, like gold^ occurs native in iis pure 
metallic state,' hn% it more commonly is fQund com* 
bined with sulphur, as a sulpburet. It resembles gold 
in having i^ feeble affinity for oxygen, so that it does 
not oxidize either at common temperatates, or when 
heated) and most, of its compounds are easily decom* 
posed, the silver reassuming, the metallic state. SiU 
ver readily dissolves in nitric or sulphuric acid, and 
the solutions obtained yield oxide of silver^ when 
decomposed by an alkali; the oxide of silver is a 
salifiable base, and combines with acids to form salts. 

295'. The compounds of silver are nearly all de- 
composed by xner^ expojBure to light. So feeble is 
the affinity which it. has for most other substances, 
that the gjreater number of its compounds are decom- 
posed or reduced by mere exposure to sunshine. This* 
fact is interesting as an illustration of the chemical 
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powers of light, and, further, as giving as the found- 
ation of that ver J beautiful art of producing pic- 
tures by means of KghtT-the Daguerreotype. The 
salts of gold, also, and some of the compounds of 
mercury are very easily decomposed, when exposed 
to the action of light. 

296. Silver has a very ^rong affinity for chlorine, 
and the chloride of silver is quite insoluble in water; . 
hence silver cannot be dissolved in muriatic acid ; and 
if muriatic acid, or any solution containing ohlorine, 
either free or in combination, be added to a solution 
of silver, the whole of the metal will be thrown down 
as insoluble white chloride. A solution of nittate of 
silver is, therefore, a very useful test to ascertain the 
presence of chlorine in any solution. 

297. Silver has also a strong aflBnity fbr sulphur, 
combining eagerly with it and forming a shining gray 
brittle substanoe. The tarnish which we see on old 
silver is a thin coat of sulphuret, formed by the sul- 
phuretted hydrogen which generally exists in the air 
of towns. Gold and iilver are frequently balled no- 
ble metals, from their having no tendency. to oxidize 
when exposed to the air. 

298. Mercury, or quicksilver, likewise, is some- 
times found native in the metallic state, but by far 
most commonly as a sulphuret ; it is obtained from 
its ore by heating it with a mixture of iron filings 
afad lime; these substances combine withi;hfe sulphur; 
and the mercury, being a volatile inetal, is obtained 
by a process of distillation. ' 



299. Mercurj is flaid at all ordinary temperatures, 
but, by exposure to very intense coldj it may be 
frozen into a brilliant hard solid, looking like silver; 
when heated nearly to redness it boils, rises in vapor, 
and may bexlistilled, just like water. When mercury 
is kept for some time at a heat very ttoar its boiling 
point, it slowly absorbs oxygen, and becomes con« 
▼erted into a red earthy-looking oxide. Mercury is 
easily oxidized and dissolred by the strong acids ; it 
forms two oxides, and both of them are salifiable 
bases — ^the protoxide is black, the peroxide red; when 
strongly heated, these oxides are decomposed into 
metallic mercury and oxygen gas. 

300. Chlorine acts strongly on mercury, and forms 
two chlorides, corresponding in composition to the 
two oxides ; the protochloride, or calomel, is a power* 
ful and. valuable medicine — ^the perchloride, or corro* 
sive Aublimate, a violent poison. The former is in* 
soluble in watef — the latter soluble ; they are both 
easily decomposed by alkaline solutions-^calomel 
yielding the black protoxide, and corrosive sublimate 
the red peroxide of ^mercury. 

801. Corrosive sublimate has been a ~ good deal 
used to prevent the dry-rot of wood, cordage, 4c. ; it 
combines with some forms of organic matter, and 
renders them le8» prone ta change. Su>phur and 
mercury easily combine, and form a beautiful red 
compound, vermilion, or sulphuret of mercury ; it 
occurs nat^ive as cinnabar^ the chief ore of the metal. 

302. COPPBR exists naturally in the pure metallic 
12 



184 znra 

state, but chiefly ae a sulphuret, conetituting copper 
p jrites ; it is obtained from this ore by roasting, when 
the sulphur is gradually driven off and an impure 
oxide of copper left, which is subsequently strongly 
heated with charcoal, to reduce it to the metallic 
state. Copper has a considerable affinity for otygen, 
which it absorbs from the air at common tempera- 
tures. Oxide of copper is a black substance,, readily 
obtained by heating copper in the air, or by decom- 
posing any of its salts, such as the sulphate, by an 
alkali. 

803. The salts of copper are mostly of a blue or 
bluish-green color ; they are all decomposed by alka- 
line solutions, a blue hydrated oxide of copper being 
precipitated ; if ammonia be employed, no precipitate 
is obtained, or, if formed, easily dissolves, because the 
oxide of copper is soluble in solution of caustic am- 
monia, forming a very beautiful deep-blue liquid : this 
property is useful in testing for the presence of 
copper. 

304. Sulphate of copper, blue or Boman vitriol, 
may be formed directly. It is manufactured on a 
large scale, like the splphate of iron (285); by ex- 
posing the roasted sulphuret to the air, it absorbs 
oxy.gen> and is converted into the sulphate. It is a 
bright-blue salt, easily soluble in. water, and used for 
several purposes in the arts. It is frequently em- 
ployed as a steep for seed-corn. 

805. ZiNjQ is never found in the metallic state ; its 
ores are calamine, which is a carbonate, and blende, 
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a 8tt]pharet ; it is obtained by roasting the ores, which 
in the one case drives off the carbonic acid, atid in 
the other dissipates the sulphur ; the roasted ore is 
then mixed with charcoal and distilled ; the metal is 
volatile at a very high temperature. 

806. When zinc is strongly heated in the air, it 
burns with a bright flame, and is converted into a 
white oxide, which may also be obtained by acting 
on the metal by an acid ; the metal easily oxidizes 
and dissolves, forming a salt from which the oxide 
m^y be obtained, on the addition of an alkalL Sul- 
phate of zinc, or white vitribl, is a white salt, very 
easily soluble in water, and made either from tho 
metal and sulphuric acid, or from the native sul* 
phuret, 

807. Zinc has a strong affinity for chlorine; by 
dissolving the metal in muriatic iaoid, a solution of 
the chloride is-obtained* It is very soluble in water, 
and has been much employed to preserve wood and 
canvas from decay. 

808. Tin occurs native almost entirely as an oxide, 
from which the metal is obtained pure by merely 
heating with charcoal. Heated in the air it easily 
oxidizes, and by the action of acids a protoxide and 
peroxide may be procured. Peroxide of tin, the same 
substance which occurs native as tin-stone, is arti- 
ficially made, as a polishing powder, being called 
"putty powder." Oxides of tin has a remarkable 
affinity for coloring matter, and hence is much used 
by dyets in fixing colors. The bisulphuret of tin is 
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of a beantifal golden yellow color, and is employed 
for yarious ornamental purposes in the arts, under 
the name of mosaic gold. 

809. Mangambsv, like tin, is found only as an 
oxide ; it is a metal in many respects considerably 
resembling iron, but having a much stronger attrac- 
tion for oxygen, and consequently obtained in the 
metallic state with very great difficulty; it forms 
several oxides, only one of which, however, is a base; 
some of its salts are employed in dyeing; and the 
peroxide is much used in the process for obtaining 
chlorine (191). Manganese is very often found asso- 
ciated with iron in rock^ and stones, and not unfre* 
quently exists in minute quantity in soils; it is com- 
paratively speaking, however, a rare metal. 

810. Lead is obtained almost exclusively from the 
native sulphuret; it never is found in the pure me- 
tallic state. The sulphuret is roasted, by which the 
sulphur is gradually driven off, and an impure oxide 
formed, which remains mixed with a large quantity 
of sulphuret ; this is then smelted with small coal or 
other carbonaceous matter. Lead has a strong affinity-- 
for oxygen, in consequence of which it tarnishes 
slowly at common temperatures, and quickly when 
melted. At a red heat, lead is gradually converted 
into a yellow substance called litharge — this is an 
impure protoxide ; if still longer exposed to the air 
and heaty it absorbs more •oxygen and becomes red 
lead or minium; besides these two, there is yet a 
third oxide of lead, which, however, cannot be formed 
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by further heating red lead under the influence of air, 
but which is easily n>ade by acting on red lead by 
nitric acid ; the lead then acquires a third portion of 
oxygen and becomes a dark brown peroxide. 

311. Of these three oxides, only one, the protoxide, . 
is a base ; the other two oxides, when acted on by 
acids, par^ with a portion of their oxygen, and pass 
into the state of protoxide before they can combine 
with the acid. The most important of the salts of 
lead is the carbonate, or .white lead, a substanee 
better suited than any other which is known for the 
manufacture of white paint; it* is made either by 
decomposing a soluble salt of lead by an alkaline 
carbonate, or by exposing lead to the action of the 
vapor of vinegar and carbonic acid gas. The acetate 
of lead, likewise^ is manufactured on a large scale, 
and used for various purposes in the arts. 

812. Lead has a strong affinity for sulphur, and 
in consequence of this most t>f the salts of lead are 
decomposed by sulphuretted hydrogen ; the blacken- 
ing of white paint is due to this cause. As the sul- 
phuret of lead is decomposed by chlorine, white paint 
thus blackened maybe cleaned by muriatic acid; this 
converts the black sulphuret into a white chloride, 
though it never looks so white as the carbonate did 
before. 

318. Lead is acted on by pure water in a very re- 
markable way, being oxidized and dissolved with great 
facility; this is not the case with common water con- 
taining salts of lime, &c. (76). Rain-water, or very 
12* 
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pure water, kept it leaden cisterns^ or passing 
through leaden pipes, often dissolves so much. lead 
as to become nnwholesome, or eyen poisonooa ; and 
for the same reason leaden covers to cisterns are 
equally objectionable, because the water which con- 
denses on the cover, being of course pure (73), cor* 
rodes and dissolves the lead, and dripping down again 
into the cistern, contaminates the water, which other- 
wise might have remained pure and wholesome: a 
great deal of disease is probablj caused by wAnt of 
attention to these facts. 

814. Many of the metals, when melted together, 
combine to form what are called alloys, or mixed 
metals ; some of these appear to be regular definite 
compounds, though others are obviously mere mix- 
tures. The most important of the alloys are gold 
and copper, and silver and copper, which are harder 
than gold or silver alone ; these n^lloys «re used for 
plate, coin, kc* 2inc and copper, or brass ; tin and 
copper, or bell-metal; tin and iron> or common tin 
plate, which is^ often supposed to be merely tin, 
though it really consists of thin plates of iron, alloyed 
on the surface with tin, so as to have the strength 
and stiffness of the iron, together with the free- 
dom from rusting of the tin. Zinc and iron, or ^^gal- 
vanized iron," as it is frequently called, is iron 
albyed or covered on the surface with a film of zinc, 
which greatly protects it from corrosion; and, lastly, 
lead and tin, or pewter, and common solder. 
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CHAPTER V. 

ORGANIC MATTER — THK NATURE AND COMPOSITION OF 
VEOETABLE SUBSTANCES. 

315. We Irnve now very brif fly described most of 
those substances which are ot importance in studying 
vegetable chemistry* Before explaining the action 
which they have on the growth of plants, it will be 
proper to go a little more into detail respecting the 
nature of organic matter ; that is to say, the various 
compound substance^ which constitute the bodies of 
animals and plants* 

516. Most of the substances hitherto described, 
such as water, ammonia, carbonic acid, common salt^ 
&c., consist wholly of two elemei^s, and are therefore 
sometimes called binary compounds. On the contrary, 
all animal and vegetable substances consist of three 
or four elements^ and are consequently termed ter- 
nary or quaternary compounds. It has been already 
8taj;ed that plants and animals are composed of carbon^ 
oxygen, hydrogen, and nitrogen (92). It- is very 
important to understand clearly the nature of the 
compounds formed by these elements. 

517. When we endeavor to analyze a plant, that 
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is to say, to ascertain of what it is composed, we find 
that the greater part of it consists of carbon, oxygen, 
hydrogen, and a small portion of nitrogen, combined 
together. When we burn it, or in any other way 
weaken the afiinity which the elements have for each 
other, they separate, and, by combining together, 
generally form water, carbonic acid gas, and ammonia. 

318. When a plant is boiled in water, it is found 
that part of the plant dissolves in the water, whilst 
part remains insoluble, and -we are unable by long- 
continued boiling- to make the whole of it dissolve in 
the water. These, then, are two great divisions of 
vegetable matter — that which is soluble in water, and 
that which is not. By very simple operations of this 
kind it is easy to discover that plants are composed 
of a variety of different compound substances, readily 
distinguished from each oth^r by the different pro- 
perties which they possess. Of those which are 
usually found in all plants, the most abundant are 
called lignin, starch, gum, sugar, gluten, and albumen. 
The four former consist of carbon, oxygen, and hy- 
drogen alone, whilst the two latter contain, in addi- 
tion to these elements, a portion of nitrogen. 

819. Lignin, or pure woody fibre, exists in almost 
all plants; it constitutes the greater part of the stem, 
wood, bark, and branches of trees; and is present, 
though in smaller quantity, in the leaves and flower»^ 
of trees, shrubs, and succulent plants. It is the most 
solid constituent of plants, giving strength to those 
parts in which any quantity of it exists. It may 
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readily be separated from the other matters with 
which it is associated, hj bmisiBg and long-continned 
boiling in water and spirit; by these means the softer 
or more solable substances may be separated, and 
pure lignin is left.. In the process for preparing flax^ 
the stems of the flax plant are allowed to remain in 
water for Some time; the green soft parts decay, 
and at last nothing bat the lignin or woody fibre is 
left. 

820. Pore lignin is a white, tongh, fibrous substance, 
composed of an infinite number of Tery fine threads 
or fibres, perfectly insoluble in water, and not at all 
altered by keeping in dry air. When heated in the 
air it soon turns brown, being partly decomposed: if 
it be still further heated, it takes fire and bums with 
a bright flame, the results of its combustion being 
water and carbonic acid gas. Its composition is — 

Carbon 4980 

Oxygen 4462 , 

Hydrogen ... • • . 558 

10,000 

821. The woody fibre of plants is not pure lignin. 
It consists of cells and tubes more or less incrusted 
and filled up with resinous and other matter, which 
renders them stiff and hard. The fibre of fine linen 
or cotton may be taken as an examplis of tolerably 
pure lignin ; because the foreign matters originally 
associated with it hare been almost entirely removed, 
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bj yarions processes which the fibre has undergoney 
ia the difierent operations of the manafactiirer. 

322. Pure lignin, or cellulose, as it is sometimes 
termed) is scarcely at all acted on by acid or alkaline 
solutions, either, hot or cold, unless they are Tery 
concentrated. ^ Strong snlphnric acid converts it into 
gum (859). Strong nitric acid produces a very re- 
markable effect on lignin, and change it into gun- 
cotton, or syloidine. In this action the lignin is 
partially decomposed, and a portion of its oxygen 
and hydrogen, in those proportions which would form 
water, is replaced by some of the oxygen and nitro- 
gen of the nitric acid. 

823. Oun-cotton is best formed by steeping pure 
clean cotton wool, quite free from all oily matters, 
either in very strong nitric acid, or in a mixture of 
nitric and sulphuric acids ; the addition of the latter 
is merely made for the purpose of rendering the nitric 
acid stronger by extracting the water which it con- 
tains. The cotton increases considerably in weight, 
and when :^ell washed and dried is found to be highly 
explosive. It detonates at a heat a very little above 
that of boiling water, with a bright flash, and is wholly 
converted into carbonic acid, nitrogen, steam, &c. 

824. Woody fibre has a strong affinity for various 
coloring matters, and also for some particular metallic 
oxides, especially alumina, and the oxides of iron and 
tin ; solutions of these substances are consequently 
much used by dyers. The cotton to be dyed is first 
impregnated with the mordant, as these substances 
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are called, and subsequent! j dyed by being imn^ersed 
in tbe colored solution (542). 

825. When wood is distilled, or roasted in close 
vessels, various substances are formed; amongst these 
are vinegar or pyroligneous acid (488), and wood or 
pyroxylic. spirit. V The latter is a volatile, pungent- 
smelling liquid, which burnfi easily, with a pale flame 
like spirit of wine. It is. much used by hatters, var- 
nish-makers, and others, as a solvent for resins* 

326. SxABCH is almost always found in considerable 
quantity in all parts of plants. When pure it is a 
white powder, insoluble in cold water, but readily 
dissolving in that fluid when boiling hot. There are 
many different varieties of starch, distinguished from 
one another by some peculiar property, and which 
have received various names, according to the plant 
from which they are obtained. Common wheat 
starch, which exists in large quantities in the seed of 
whe^t, is a good example of the general character of 
thiis substance. 

827. When starch is dissolved, in hot water, it 
forms a thick, viscid, semi-transparent liquid, which if 
evaporated leaves a yellowish, transparent, horn-like 
substance, which readily swells and soltens in cold 
water. Hpt water, though it greatly changes the 
appearance and properties of starch, does not in any 
way alter its chemical composition. 

328. Starch is obtained from wheat by steeping it 
in water, and subsequently squeezing and washing 
the softened grain, and then, allowing the milky 
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liquid thtifl obtained to stand for Bon»6 time. The 
cells and membranes yrhich. inclose the starch are 
thus broken and destroyed, and as the starch is inso- 
luble in cold water, it is then easily washed out, and 
s<^parated flrom the husk and other insoluble parts of 
the .grain ; the water is then allowed to settle,* the 
starch falls to the bottom, and is collected and dried. 
829. This softening and destruction of the mem* 
branes of the seed is greatly assisted by the presence 
of a small quantity of certain acids in the water, 
which dissolves the gluten ; a small quantity of lactic 
acid is always produced when grain is thus steeped 
in water, and this is essential to the manufacture of 
starch. A similar effect may be produced by a weak 
alkaline solution, and accordingly a dilute solution 
of caustic soda is employed by starch-makers to 
soften particular sorts of grain, such as rice, Indian 
corn, &c. (877). 

880. When grated potatoes are placed on a sieve, 
under a stream of water, a very large quantity of 
starch may be washed out. The starch will soon 
settle to the bottom of the water^ the soluble matters 
of the poiato.will be dissolved, and at lastithere will 
remain on the sieve little else beside the lignin or 
fibre which the potatoes contained, together with a 
quantity of starch which cannot be . separated from 
the fibre by mere washing. 

881. Potato-flour, arrowroot, tapioca, and sago, 
are all varieties of starch ; similar substances are 
likewise obtained from Iceland moss, the seed of the 
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chestnut, and many other plants^ Tbej all agree in 
general chemical characters with wheat-starchy and, 
Kke it, consist of carbon, oxygen, and hydrogen, 
rather less than one^half of their weight consisting of 
oxygen. Starch consists of-^- 

Carbon 4425 

Oxygen 4908' 

Hydrogen 667 

10,000 

332. When starch is examined by the help of a^ 
magnifying glass, it is found to consist of variously, 
shaped transparent little grains^ marked in a very 
peculiar manner. These grains vary in shape i^nd 
size according to. the plant from which they are ob- 
tained; this fact renders it possible to ascertain 
whether any particular sample of starch is arrow- 
root, potato starch, wheat starch, .or a mixture of 
several kinds. 

333. The quantity of starch obtained from differ-t 
ent plants varies very much. Good wheat generally 
yielda from 70 td 75 per cent. ; barley contains nearly 
80; oats i^nd rye, 60 to 65; beans 40 to 45; peaa 
about 50 ; potatoes 15 to 20 ; arrowroot, 20 to 25* 
Almoat all the seeds and grain used as articles of 
food, such as wheat, barley, oats, rye, maize, rice, 
millet, &c., contain a large quantity of starch. Semo- 
lina is prepared from hard Italian wheat; it is the 
hard granular particles which escape the action of 
the mill-stones. Macaroni is the dried paste of hard 

13 
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irheat, whicb is pressed out from a box tfaroagh aper* 
tnreay which gives it ite hollow form. The polenta 
of the Italians is prepared by roasting maize when 
the seed is only half ripe. 

8S4. There is a peculiar modification of starch 
which exists in the tubers of the Jerusalem artichoke, 
dahlia, and many similar plants^ and is called inulin ; 
it contains a rather smaller proportion of carbon than 
common starch does. 

335. Under the name of Gum are included several 
substances, which differ considerably in their nature 
and properties. They all agree in being, tasteless, or 
nearly so; but some dissolve readily in water, atid 
form a clear, transparent solution ; whilst others do 
not dissolve, but merely soften and swell up in water, 
forming a gelatinous mass. Oum Arabic is a good 
example of the first kind, whilst common cherry-tree 
gum belongs to the insoluble variety of gum. 

386. Gum is a natural exudation from many 
plants, appearing on their surface in the form of 
transparent drops or tears, which dry and harden in 
the air. Most fruits contain a oonsidei^ble quantity 
of gum, and exudations of gum are frequently found 
on many fruits, particularly the plum. There is ti 
peculiar substance resembling gum, to which the 
name of pectine is given, and which exists in most 
fruits; it gelatinizes with water, and gives to fruits 
the- property which they have of forming imperfect 
jellies. Black currant and apple jelly consists chiefly 
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of pectine. The same form of giim is foand in the 
carrot, parsnip, and many similar roots. 

8S7. A solution of gum in water is called mu- 
cilage ; comparatively a small quantity of gum ren- 
ders water thick and slimy : such a solution feels 
sticky to the fingers; it dries slowly, and leaves a 
small quantity of gum on the surface of any sub- 
stance over which it has been spread. Gum is inso- 
luble in sphrit of wine ; hence mucilage is precipi- 
tated, and the gum it contains thrown down as an 
insoluble curd when mixed with spirit. The juices 
of many plants are sticky from the quantity of gum 
which they contain. 

338» Gum consists of the same elements as starch, 
namely, oxygen, hydrogen, and carbon; but it con- 
tains a rather larger proportion of oxygen than 
st«rch does. Gum consists of <^-* 

Carboa . . . ... . 4268 

Oxygen 6069 

Hydrogen • . •. . • .- . 637 

10,000 

3Sk Associated with gum in many plants, there 
is found a substance which dissolves easily in water, 
and like gum, forms a sticky thick solution; it is 
distinguished readily from gum, however, by possess- 
ing a aweet taste, whilst gum is insipid or tasteless ; 
it is called sugar or saccharine, matter, under which 
names & considerable variety of different substances 
are included. 
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840. fiuoABS are divided into two classes: those 
which are cr jstallizable, and those which are uncr js- 
tallizable : that is to saj, those which, when their 
Bolution in water is evaporated, are obtained in the 
form of regular-shaped little grains, like common 
cane* sugar, and those which under these circuin* 
stances do not form regular grains^ but remain, thick 
viscid- liquids, like treacle. The crystallisable sugars 
are divided into two classes— cane sugar, and grape 
sugar; these two varieties differ slightly in composi* 
tion, the latter containing rather more hydrogen and 
oxygen ip proportion to its carbon than cane sugar ; 
they differ very considerably in chemical properties^ 
grape sugar only being capable of undergoing fer- 
mentation (866). 

841. Sugar exists in a great many vegetables, but 
it very frequently happens that there are so many 
other substances present, that the sweet taste of the 
sugar is quite bidden. It is only in those plants which 
contain a very large proportion of sugar, or which 
do not contain any strong-tasted substances, that 
we are able to recognize sugar by its sweet taste. 
Most ripe fruits contain a large quantity of sugar ; 
it is likewise found abundantly in the sap of a good 
many trees, from some of which, like the sugarmaple, 
it is procured in such quantities as to be extracted ad 
an article of commerce. 

842. The composition of sugar is similar to that of 
starch : the proportions in which its three elements, 
oxygen, hydrogen, and carbon, are united together 
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of sugar contain slightly different proportions of these 
elements ; thus the composition of cane sugar is not 
precisely the same as that of sugar obtained from 
grapes^ beet-rooty or other plants. Cane sugar con- 
sists ofr— 

Carbon ... . . . . 4499 

^ Oxygen ....... 4860 

Hydrogen . . . . . .641' 

10,000 

The composition of grape sugar is — 

Carbon . . ... . '. 3671 

Oxygen . . . • . . . 5651 
Hydrogen . ^ . . . .678 

10,000 

343. The manufacture of sugar from the sugar-cane 
is chiefly -carried on in tropical countries. The canes 
are cut in pieces, and crushed in a rolling mill, so as 
to squeeze out the juice. The juice thus obtained is 
mixed with a small quantity of lime, and rapidly 
heated to the boiling point. The scum which sepa- 
rates is collected and removed, and when the juice is 
sufllciently evaporated^ it is allowed to cool that the 
sugar may separate.^ The uncrystallizable syrup, or 
molasses, is drained off from the crude sugar thus 
obtained, and which is termed raw or Muscovado 
sugar. 

344. Sugar is refined by dissolving the raw sugar 

13* 
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in a proper quantity of water ; a pottioo of albnmen 
is added, either blood or white of. egg ; the solutioii 
is then heated, and the albumen, as it coagulates and 
separates, entangles and remoTes all the solid im* 
purities which the sugar contained. The • solution isi 
purified and bleached by filtration through charcoid 
(162), carefully evaporated, and then allowed to 
crystallize. The evaporation of the cane juice mus^ 
be carried on as rapidly as possible, but at the same 
time, exposure to a high temperature is very objec- 
tionable, because the higher. the heat, and the longer 
the juice is exposed to it, the greater will be the 
quantity of molasses formed ; a number of ingenious 
arrangements have consequently been devised to 
facilitate the evaporation of the solution of sagar at 
the lowest possible temperature. 

345. Sugar is readily soluble in water, and also 
dissolves, thou'gh less easily in alcohol.^ When a 
strong hot syrup is suffered to cool slowly sugar is 
deposited in large and regular crystals. In the 
manufacture of sugar-candy, as these crystals are 
termed, the syrup is left quiet, aiid strings are sus- 
pended across it, which assist in the deposition and 
formation of largjg and clear crystals. In ordinary 
sugar-refining, the formation of crystals is not desired, 
and therefore the solution is^ continually stirred 
whilst it is cooling. When sugar is melted, it loses 
its crystalline character, and becomes barley-sugar : 
if a very high heat is employed to melt the sugar, it 
becomes converted into caramel, or burnt sugar; this 
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bas a dark browD color, and is used to give color to 
brandy and other similar spirits. 

346. Albitaien and gluten in many respects are 
very similar ; they exist in plants in smaller qoantities 
than the three substances already described ; bnt they 
are neyertheless most important, and of especial in- 
terest, as their presence in vegetables is essential to 
their talue as food (597). 

.. 847. When the clear jaice of any plant is boiled, 
there usually collects on the surface a thick green 
scum, which may easily be separated by straining 
the liquor through linen. This scum consists almost 
entirely of. albumen and gluten, the former being a 
distinct proximate vegetable principle, the latter a 
mixture of two separate principles, fibrin and glia- 
dine, with oil ; they are associated together, and 
^exist in greater or less quantity in almost all plants. 
In general^ the seeds of plants contain even a larger 
relative proportion of these substances than the plants 
themselves. A modification of these substances, which 
is found in mi^ny plants, i^ called legiwine or vege- 
table caseine, because it is almost identical with the 
peculiar principle of milk, called caseine (568). 

348. The flour of wheat contains a considerable 
proportion of gluten; it maybe readily separated 
from flour by tying a portion of thick paste in a 
piece of linen, and then kheading the paste thus in- 
closed in linen under a stream of cold water ; by this 
process all the starcb^ will gradually be washed out, 
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and at last there will remain in the linen nothing 
but gluten. 

849.. Gluten, when thus obtained, is a grajish 
white, soft, solid substance, elastic and tough, and 
almost resembling a piec0 of animal skin in appeat- 
ance ; it may be dried by carefully warming it, till 
all the water which it contains is evaporated; and 
when dry may be preserved for a long time without 
its undergoing any change. By boiling gluten in 
alcohol it is separated into three substance^-rpure 
vegetable fibrin, an oil, and a tough glue-like sub* 
stance called gliadine. Vegetable fibrin is insoluble 
in water, soluble in dilute alkaline liquids, very prone 
to decompose, and apparently identical with animal 
fibrin in nature and composition. 

850. Albumen, fibrin, caseine, and gliadine^ cen«- 
tain nitrogen ; and all organic substances containing 
nitrogen have a great tendency to putrefy. Albu- 
men consists of — 

Carbon . . . ,' . . 5501 

Hydrogen . . . ' . . . 723 

Nitrogen i . • . , . 15^2 

Oxygen with Phosphorus and Sulphur 2184 . 

• 10,000 

851. Vegetable fibrin consists of— ^ 

Carbon . . . ... . . 5460 

Hydro^n . . . ' . I . 730 

Nitrogen 1581 

Oxygen with Phosphorus and Sulphur. 2229 -< 

10,000 
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852. It is certainly a rerj surprising fact that so 
many different substances should be formed by the 
combination of the same elements in different pro- 
portions. Nothing can well be more dissimilar than 
oil and sugar, flax and starch; yet it is easily proved 
that they ^11 consist of the same elements — carbon, 
oxygen, and hydrogen. 

85S. The knowledge of this might naturally lead 
one to suppose, that if the whole difference between 
such substa&ces consists in the relative proportions of 
carbon, oxygen, and hydrogen which they contain, it 
might be possible, by some chemical operation, to 
take away a small portion of carbon or hydrogen, 
and thus, by altering the relative proportions of the 
elements, to convert starch into gum, or flax into 
starch. Now this can really be done ; and strange 
as it ij) ay appear, it is nevertheless true, that, by 
very simple means, it is easy to change gum, starch, 
and lignin, &c., into each other. 

854. The various vegetable substances, though so 
different in properties, are very similar- in chemical 
composition, and. may for the most part be readily 
converted or changed into each other, by simple 
means. They may, when pure, be preserved un- 
changed for an unlimited time, if quite dry ; but 
when exposed to air and moisture they sooner or 
later begin to decompose. Those which consist of 
carbon, hydrogen, and oxygen alone, are far less 
prone to decompose than those which contain in addi- 
tion nitrogen ; and these latt^, when decaying, post^ 
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sess the BiDguIar property of causmg sabstances 
which do not contain nitrogen to decompose or change 
likewise. 

355* When vegetable anbstances, such as lignin or 
Bugar, are bamt in the air, water and carbonic acid 
are produced ; precisely the same snbstanciis are 
formed by decay, as by combustion. When gluten 
and albumen are burnt, water, carbonic acid, and 
ammonia are formed. 

356. The transformation of one organic substance 
into another, is a very interesting and remarkable 
operation. ^ It is plain that such changes must be 
constantly going on in the organs of pluits^ and 
hence everything which throws light on the nature 
of these transformations is of interest. 

357. When the chemical affinity which unites the 
elements of any compound substance is feeble, and 
especially when the compound consists of scToral ele^ 
ments, there is always a considerable tendency to 
decompose, and the elements are very prone to ar- 
range themselves in simpler^ and more permanent 
combinations. Very slight circumstances therefore 
are able to determine the decomposition of such 
compounds,, and the change may be brought about 
in various ways. 

358. Some of these transformations are spontane- 
ous, some require the presence of a particular sub- 
stance, which however has no direct chemical action 
on the compound itself, or on any of its elements'; 
and many are induced, or caused by the example of 
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some other coiq pound, which is itself in an active 
state of decomposition. 

- 859*^ When strong sulphuric -acid is poured over 
lignin, it rapidly changes it into gum ; after a few 
minutes the fibrous character of the lignin disappears, 
and a thick slimy substance is formed; if the acid is 
then diluted with water, and chalk be then added to 
neutralize the acid, sulphate of lime will be thrown 
down, and a solution of gum is obtained. If the acid 
is left m contact with the gum it soon begins to char 
it, and finally completely decomposes it. 

360. Starch may also be Converted into gum by a 
very simple process ; when starch is heated considerr 
ably above the boiling point of water, it is changed 
into a kind of gum ; large quantities of starch are thus 
made into gum by roasting, and used by the calico* 
printers under the name of British gum; by chemists 
it is called dextrine. The same change may be ef- 
fected by boiling gelatinous starch with dilute sul- 
phuric acid; it soon loses its gelatinous character, 
4)ecomes sticky, and is convert^ed into gum. Starch 
also undergoes this change when acted on by diastase 
(685); a small quantity of this aubst;anee, added to a 
considerable quantity of gelatinous starch, rapidly 
converts it into gum. 

361. If, having converted a portion of lignin into 
gum by the action of strong sulphuric acid, we add a 
quantity of water ^so as to dilute the acid, and then 
boil the whole together for some hours, the gum will 
gradually be changed into sugar; by this process, then, 
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we may convert flax, hemp, or woody fibre of any 
kind, even old rags, for they consist chiefly of lignin, 
into sugar. When the change is complete, the sul- 
phuric acid may be neutralized by the addition of a 
quantity of chalk ; sugar, and a little sulphate of lime, 
will then be left in solution. By continuing to boil 
starch with dilute sulphuric acid, in the manner just 
described, after it has all been converted into gum^ 
sugar is also obtained. 

862. In these very curious transformations, the 
sulphuric acid employed does not undergo any altera- 
tion whatever: none of it is decomposed, it retains all 
its powers unimpaired, and it is easy to recover, at 
the end of the operation, the whole ot the acid origin- 
ally employed. It does not abstract anything from 
the substances with which it is boiled, nor does any 
part of the acid unite or combine with them. 

.363. All the efiect which the acid ^produces is, that 
its presence under these circumsta,nces causes a change 
in the chemical nature of the substances with which 
it is boiled. In the case of starch, it is thus enabled' 
to take up and combine with about one-«ixth of its 
weight of water, or rather of oxygen and hydrogen, 
in those proportions which would form water, and in 
so doing the starch is converted into sugar. The 
same effects may be produced with many other acids 
besides the sulphuric (878). 

864. Sugar, spirit of wine, and 'vinegar consist of 
the same elements : they contain oxygen, carbon, and 
hydrogen; but the elements -are united in different 
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proportions: the properties of these, tbree substances 
are* as opposite as they well can be, and yet, the 
whole difference is in the proportions of their ele- 
ments. It is well known that, when a solution of 
sugar ferments, it is changed into spirit.; it parts 
with a portion of carbon and oxygen, and the ele- 
ments left constitute spirit; hence, during ferment- 
ation, carbonic acid is given off. Again, when 
spirit and water is exposed to the air and moderate 
warmth, it soon changes into vinegar : this change is 
wholly effected by the absorption of a little oxygen 
from the air. 

865. Fermentation is a very singular process, and 
a knowledge of the effects which it produces, enables 
us to understand many changes which would other- 
wise appear incomprehensible. Under ordinary cir- 
cumstances, pure sugar, dry or dissolved in water, 
may be kept for a long time without its undergoing 
any change ; when, however, it is mixed with a small 
quantity of certain decomposing matters containing 
nitrogen, it ferments, and is changed into spirit. 
The substance added, does not combine with the 
sugar or its elements, but, whilst itself decomposing, 
it causes the sugar also to change. 

866* Fermentation, then, ia the spontaneous de- 
composition of a substance, occasioned by the presence 
of a small quantity of decomposing matter. The 
yeast, or ferment of beer^ possesses the power of in- 
ducing the decomposition of sugar and similar sub- 
stances when mixed with them. Common yeast, and 
14 
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all substances which possess the power of causing 
fermentation, contain nitrogen ; they are compounds 
of carbon, oxygen, hydrogen, and nitrogen, and are 
accordingly very liable to decompose. During the 
fermentation of any liquid, the azotized matters 
present, which constitute the ferment, «nd are in an 
active state of decomposition, gradually separate, 
either rising to the. surface or falling to the bottom. 
This ferment, yeast, or barm, may then be removed 
and added to any other solution, the fermentation of 
which it is desired to excite. In most cases, there is 
more azotized matter present than is require^ to in- 
duce the fermentation of all the sugar, and hence 
there is generally a quantity of ferment left over, 
when the operation is finished. 

367. Most varieties of sugar are capable of under- 
going fermentation, but it appears that, in all cases, 
they previously pass into a state of grape sugar. 
When a solution containing sugar and ferment is 
kept for some time at a moderate temperature, the 
sweet taste of the sugar gradually disappears, much 
gas is given off, the mixture froths up from the escape 
of carbonic acid, and, when the fermentation is com- 
plete, spirit is found in place of sugar. When such 
a fermented liquor is distilled, the spirit passes over 
before the water, being more volatile ; at least, the 
first portions of the liquid which pass over cpntain 
the greater part of the spirit. 

368. Common spirit of wine is a mixture of alcohol 
and water ; by repeated distillation with substances 
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vhicli have a strong affinity for water^ pure alcohol 
may be obtained ; it is much. lighter than water, and 
boils at a lower temperature than that liquid. Alco- 
hol consists of carbon, oxygen, and hydrogen ; bat 
contains in proportion less carbon, and much less 
oxygen, than starch or sugar do. 

869. In expressing the composition of starch, 
Bugar, and the other principles of plants, the propor- 
tion of the different elements, per cent., has been 
given ; for some reasons, however, it is more conveni- 
ent to calculate the number of equivalents of each 
constituent ; and this is not di£Bcult to do when the 
composition of the substance is once known. 

370. For example : ten thousand parts of sugar is 
found to consist of carbon 4198, hydrogen 643, and 
oxygen 5159: now, the equivalents or combining 
weights, of these three elements are respectively 6, 1, 
and 8. If, llien, we divide the numbers just given 
by these combining weights, we shall obtain 699 
equivalents of carbon, 643 of hydrogen, and 644 of 
oxygen ; and on equally reducing these, so as to ob- 
tain the lowest number of equivalents, preserving this 
ratio, we shall at last find that sugar consists of 12 
equivalents of carbon, 11 of hydrogen, and 11 of 
oxygen. 

371. Thisv mode of stating the composition of a 
substance, is very convenient in expkining the various 
transformations which organic matter undergoes. 
When a solution of sugar begins to ferment, the first 
thing is, that the cane 8i]^ar passes into the state of 
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grape sugar ; each equivalent of cane sugar takes up 
asd combines with three additional equivalents of 
water. This change may be thus expressed: 1 equiv. 
cane sugar contains 12 equiy. carbon, 11 equiv; 
oxjgen, 11 equiv. hydrogen. In passing into grape 
sugar it takes up 3 equiv. of water, or 3 equiv. oxy- 
gen, and 3 equiv. hydrogen, and so becomes 1 equiv. 
of grape sugar, containing 12 equiv. carbon, 14 equiv*^ 
oxygen, 14 equiv. hydrogen. 

Carbon. OxygeiK Hydrogen. 
1 equiv. Cane Sugar, containing 12 11 11 

and 3 equiv. Water " 3 3 

forms — — — 

1 equiv. Grape Sugar " 12 14 14 

872. In the second stage of fermentation, this 
grape sugar is decomposed and separated into alco* 
hoi, carbonic acid, and water : 1 equiv. of grape sugar 
containing 12 equiv. carbon, 14 equiv. oxygen, 14 
equiv. hydrogen, daring fermentation is resolved as . 
follows: — 

Carbon. Oxygen. Hydrogen. 

1 equiv. Grape Sugar, containing 12 14 14 
forms' — — ^ — 

2 equiv. Alcohol " 8 4 12 . 
2 equiv. Water "0 2 2 

4 equiv. Carbonic Acid ** 4 8 

373. In the same way, the changes which occur 
daring the transformation of starch into grapeN sugar* 
may foe similarly explained: when this happens, 
each equivalent of starch takes up four equivalents 
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of water, and forms- one equiyalent of Bugar: it 
follows from this fact, that the quantity of sugar 
formed always weighs considerably more than the 
starch from which it is obtained. 

374. One equiyalent of starch contains 12 eqaiv. 
carbon, 10 equiy. ozygeni 10 eqniy. hydrogen ; when 
acted on by diastase, or boiled with a dilate acid, 
it takes* up in addition the elements of 4 equiy. of 
water, or 4 equiv. of oxygen, and 4 equiy. hydrogen, 
and is conyerted into 1 equiy. of grape sugar, con« 
fiisting of 12 equiy. carbon, 14 equiy. oxygen, 14 
equiy. hydrogen. 

Carbon. Oxygen. Hydrogen. 
1 eqniy. Stafch, containing 12 10 10 

and 4 equiy. Water ''0 4 4 

forms — — — 

1 equiy. Qrape Sugar " 12 14 14 

375. A liquid which has already undergone the 
vinous or alcoholic fermentation, is still able to 
undergo another change, namely, the acetic ferment- 
ation; which occurs where weak spirit of wine, in 
contact with some ferment, is exposed to the air. 
Alcohol and water together, whether exposed to the 
air or not, undergoes no change'Vhateyer ; when a 
small quantity of decomposing azotized matter is 
added, then the acetic fermentation commences, and 
vinegar is formed (476). 

876. In the formation of viiiegar from spirit, the 
presence of air or oxygen is necessary. One equiv- 
alent of alcohol consists of 4 equiy. carbon, 2 equiy. 
14* 
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oxygen, 6 equir. hydrogen j(372); in passing into 
vinegar, it takea np 4 equivalenta of oxygen, and 
forms 1 equivalent of acetic acid. 

Carbon. Oxygen. Hydrogen. 

1 eqaiv. Alcohol, containing 4 2 6 

and 4 eqair. Oxygen " 4 

forms — — — 

1 equiv. Acetic Acid " 4 ,3 . 3 . 

and 3 equiv. Water " Q 3 3 

877» When azotized matters are beginning to 
decompose, they, are at first not able to excite the 
true alcoholic fermentation in solutions of sugar ; it 
is necessary for this that their decomposition should 
be tolerably active and advanced. But even in this 
early stage they are iible to' efifect a very important 
change in the nature of sugar, and cause it to undergo 
a peculiar acid fermentation, the result of which is 
the formation of lactic acid. The relation of this 
substance to sugar may be learnt from the fact Uiat 
|t contains 6 equiv. carbon, 5 equiv. hydrogen, and 
6 equiv. oxygen (445, 670). 

S78. It sometimes happens also that, in place of 
luetic acid, another acid substance, called the butyric, 
ia produced. This is especially the case when a 
solution of sugar is left in contact with caseine, in 
the first stage of decomposition. Butyric acid is 
a colorless, sour, pungent-smelling liquid, readily^ 
soluble in water and alcohol, and . consisting of 8 
equiv. carbon, 7 equiv. hydrogen, 3 equiv« oxygen. 

&79. There are several other forms of fermentatioa 
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l^esidefl these, though the alcoholic and the aeetoua 
are by far the most important. It is evident, how-" 
ever, from the great facility with which starch, gnm, 
sugar, &c., are eon verted into each other, that all of 
these forms of organic matter may be readily made 
to undergo any. of these kinds of fermentation, and 
likewise that the nature of the change thus brought 
about will depend entirely on circumstances. 

380. Organic matter, placed under proper circum* 
stances, may be made to pass through several suc- 
cessive stages of fermentation ; the last of these is 
usually the putrefactive fermentation, the results of 
which are chiefly carbonic acid, ammonia, and waten 
When it is desired to excite any particular kind of 
fermentation, care and attention are always requisite 
to prevent it from proceeding too rapidly, or too far^ 
as, when this is the. case, it very commonly changes 
into the putrefactive fermentation, and, when this has 
once commenced, it is hardly possible to stop its 
progress. 

381. A number of important arts are wholly based 
upon these facts ; and many of the arts of life are 
more or less dependent in principle upon the effects 
just described. Thd manufactures of wine, spirit, 
beer, vinegar, bread, cheesy, starch, leather, &c., may 
be mentioned as examples. 

382. Grapes contain sugar, and a small quantity 
of azotized matter, capable of acting on the sugar as 
a ferment; but no fermentation can t%ke place, so 
long as air is altogether excluded. The azotized 
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matter prese&t will not enter into an active state of 
decompoeition, nnless free oxygen has access to k. 
OoBseqnently whole grapes, or those in which the 
skin remains perfect and entire, may be dried and 
converted into raisins; but if the skin is once injured, 
a little air gets in, and fermentation soon commences. 
The fermentation of grape juice will not take place 
if the grapes are pressed in a jar containing carbonio 
acid gas, or nitrogen* 

888. When grapes are pressed, which is the first 
process of the wine-maker, they are generally bruised, 
and then allowed to remain some little time in the 
pressing-vat, before the operation is completed. This 
allows fermentation to commence, for it begins as 
ioon as the juice comes in contact with the air; and 
this fermentation, besides softening the skins and 
cellular tissues of the grapes, also dissolves a portion 
of the coloring and astringent matter which the skins, 
seeds, and stalks contain. The pressing is then com- 
pleted, and the juice Separated from the residue, 
which is termed the murk, or the mark. 

884. A certain degree of warmth is always neces- 
sary to fermentation. The fermenting liquid must 
not be lower than 51^ or higher than 85^. A te^m- 
perature of 70^ is that most favorable to ra^nd fer- 
mentation. When the liquid is eooled, its fermenV 
ation suffers a proportionate check, and if cooled too 
much, it ceases altogether. When this b the case, 
it can only be brought on again by the careful appli- 
cation of heat. 
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885« The mast, as the expressed juice of the grape 
is called, being left undisturbed in the fermenting 
tun, soon passes into a state of active fermentation; 
the asotized matter decomposes, causing at the same 
time the decomposition of the sugar ; the liquid be* 
comes turbid and froths up from the escape of carbo- 
Bia acid. - After a time these appearances cease, the 
liquid clears, and fermentation becomes very feeble. 

886. The fermentation of the vine, however, is 
not jet completed; the half-formed wine is racked 
off into casks, and allowed to continue slowly ferment- 
ing fbr some 'time, the casks being kept quite full, so 
that the froth and ferment which rises to the open 
bunghole, easily escapes as fast as it rises* When 
it is judged that this second fermentation has con* 
tinued long enough, the casks are closed and left for 
some time. 

887. As the quantity of alcolvol which Is thus pro- 
duced depends wholly on the proportion of sugar 
which existed in the must, so, when the grapes are not 
sweet, and the quantity of sugar is small, the wine 
formed will be very weak. In such cases, therefore, 
either the must is concentrated by evaporation, or a 
portion of sugar is added to augment the proportion 
of fermentable matter in the must. Much better 
wine is formed by thus increasing the sugar in the 
must previous to. its being fermented, than by the 
addition of spirit to the wine when its fermentation 
is complete. 

888. It is generally better to add sugar than to 
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eoBcentrate the must by boiling, because, in the latter 
ease, a portion of the azoti2ed matter necessarj to its 
eabsequent fermentation, is rendered insoluble and 
useless. Care must, however, be taken not to add too 
much sugar, as, wh^i this is done, fermentation pro- 
ceeds very slowly ; the proportion of sugar should in 
no case be greater than one-eleyenth of the weight of 
the must. 

889. During the two stages of fermentation through 
which the must passes, the greatjerpart of the azo- 
tized mattet undergoes decomposition, becomes inso- 
luble, and falls down, constituting, together with the 
other insoluble matters, the lees of the wine. The 
sugar disappears, carbonic acid gas is given off, and 
alcohol formed. A small quantity of certain peculiar 
volatile oils is also formed, to the formation of which 
the wine owes its flavor, or bouquets A considerable 
quantity of tartar or bitartrate of potassa likewise ia 
thrown down during the fermentation of the wine. 
Thia salt, which is soluble in water, but almost inso- 
luble in a mixture of water with spirit of wine, exists 
naturally in the juice of the grape; as the ferment- « 
ation proceeds, and alcohol is formed, the tartar 
being consequently no longer soluble in the liquid, is 
deposited in the form of crystals on the side and 
bottom of the cask (498). 

890. The fermentation and ripening of wine con- 
tinues for a long time in the wood ; a small quantity 
of undecomposed azotized matter remains in the wine; 
this^acts as a rerj slow ferment, and hence the wine 
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continues to improye, more spirit being farmed, and 
consequently more tartar thrown down. Wine also 
becomes stronger when kept in, the wood, because, . 
under these circumstances, a greater proportion of 
water passes off by evaporation, than of alcohol. 
This is always foiyid to be the case when a mixture 
of spirit and water is kept in a slightly porous ve^sel^ 
the water evaporates faster than the spirit. 

391. Finally, the wine is either racked off into a 
clean cask, the lees being left behind, or it is clarified, 
or fined^ with albumen or isinglass, and then bottled. 
Wines which are intended to be sparkling or effer- 
vescing are bottled before the fermentation is quite 
finished, so that ' the carbonio acid subsequently 
evolved, remains stored up in the liquid. 

892. In making what are termed home or domestic 
wines, the^ juice of various fruits, &c., is mixed with 
sugar and fermented. A good deal of skill is required 
in this operation, and care must be taken so to pro- 
portion the different ingredients, as to insure a proper 
fermentation. It is a very common error to U3e toa 
much sugar, and not add enough ferment to cause its 
due fermentation ; for this purpose the yeast or fer- 
ment of wine is best ; that obtained from the ferment- 
ation of beer injures the flavor of the wine. 

393. When the vinous fermentation of must is quite 
complete, it should not be suffered to remain longer 
in contact with the lees, because when this is the case^ 
especially with weak wines, many circumstances may 
tend to commenoe the acetous fermentation,, giving 
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the wine an acid flavor. When this has once com- 
menced, and the wine is what is technically termed 
pricked, it is very difficult to render the wine whole- 
some again ; wines are subject to many diseases, as 
they are called, and some of them may be prevented 
or remedied. The chief cause of them is, the pre- 
sence of a minute quantity of ferment, of some kind 
or other. When wine is not perfectly clear, it is 
evident that it contains ^^ ferment," and is, conse- 
quently, peculiarly liable to ferment and turn sour. 

894. There are many other fermented liquidi^ 
which are prepared in the same way as wine, and, 
like it, contain alcohol, derived frem the fermentation 
of sugar. Thus <3ider obtained from apples, perry 
from pears, and mead from honey, derive the alcohol 
which they contain from the sugar of fruit or hoiiey, 
and owe their flavor chiefly to the volatile oils formed 
during its fermentation. 

S95. In the preparation of these liquids, especially 
cider, it is often necessary to put a stop to the fer- 
mentation when it is arrived at a certain point ; this 
is usually effected by the futaes of burning sulphur ; 
a small quantity of sulphuric acid gas arrests the 
fermentation of a large quantity of fermenting liquid. 
Ferfioentation is arrested or altogether prevented in 
a very remarkable manner by the presence of various 
substances, such as some of the strong acids, certain 
salts, and some of the volatile oils, even Jn very 
minute quantity. No substtoce possesses this power 
to a greater degree than sulphuric acid gas (173). 
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896. When wine is distilled, the liquid which passes 
over is brandy, and not a pure spirit of wine ; a small 
portion of the volatile flavoring matter of the wine 
passes over with the alcphol and water. By repeated 
rectifications this flavor may be removed, and a pure 
spirit of wine, or alcohol, obtained. 

397. Good wine brandy, such as Cognac, when 
obtained by distilling wine, is always colorless like 
water ; but old brandy, or that which is kept some 
time in the wood, acquires more or less of a brownish 
color, in consequence of its dissolving a portion of the 
coloring matter of the cask. The manufacturers of 
brandy, who prepare a spirit sold under the name of 
brandy, but really derived from some other source 
than the juice of the grape, color their spirit with 
oak-wood, burnt sugar,, treacle, or even more objec- 
tionable substances. 

398< Spirit is obtained in a great number of ways, 
and varies in flavor according to the mode in which 
it is prepared. Sometimes, as in the manufacture of 
liqueurs, which are,*.in fact, flavored brandies, some 
substance is purposely added to alter the flavor. 
Maraschino and Kirschwasser are brandies distilled 
from the fermented juice of crushed cherries, aud 
derive their agreeable flavor from the volatile oil 
and prussic acid which exist in the kernels of thQ 
cberry ; but maraschino is likewise frequently flar 
vored by the addition of cloves, orange, or cinnamon. 
Noyeau is flavored with the kernels of bitter almondSji. 
15 
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899. The more common kinds of spirit, though all, 
in fact, obtained from the fermentation of sagar, are 
yet in the first instance obtained from starch ; this 
substance, however, in all cases, is first converted 
into grape sug^r, and then undergoes the vinous fer- 
mentation. 

400. Distillers either employ malted, grain, or a 
mixture of malt with raw grain. In the first ease, a 
very large portion of the starch which the grain con- 
tains is already converted into sugar ; and when raw 
grain is used, its starch is grt^dually changed into 
sugar in the process of mashing (413). 

401. The malt, or mixture of malt and grain, is 
ground, and then stirred or mashed into warm water, 
in the inash-tub ; in this operation, the soluble mat- 
ter of the grain is extracted, and the starch converted 
into sugar. The wort, as this infusion of grain is 
called, is then copied, drawn off, and transferred to 
the fermenting tuns ; a quantity of good yeast or 
ferment is added, and the mixture is left to ferment 
for several days. 

402. The fermentation of the sweet wort is allowed 
to go on as long as it can be safely left, without fear 
of the acetous fermentation being brought o» ; for it 
is the object of the distiller to convert the whole of 
the saccharine matter which it contains into spirit. 
When this is done, the fermented wort, 'ifhich is then 
termed wash, is transferred to the stil), and heated. 
The product is a dilute, weak spirit^ and requires to 
be rectified or distilled again. 
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408. Daring the fermentation of the wort, as in all 
similar operationis, a quantity of a peculiar volatile 
oil is produced, some of which passes over with the 
spirit when it is distilled ; that which is obtained 
towards the end of the distillation is generally most 
contaminated with this oil, and is termed faint$. 
The wash usually yields rather more than one-tenth 
of its volume of pure alcohol, or one-fifth of strong 
spirit, half of which is pure alcohol ; — for the str6ng* 
est spirit which can be thus obtained, always con- 
tains a con^derable quantity of water (868). 

404. As there is an excise duty on the manufac- 
ture of spirit, it is necessary to estimate the strength 
and quantity of spirit which the distiller obtains. In 
doing this the spirit is stated to be over or under 
proof. Proof spirit consists of equal parts of water 
and alcohol. It was formerly the custom to pour a 
small quantity of the spirit to be tested, over gun- 
powder, and then «et fire to it ; if the spirit was 
strong, the gunpowder fired, and then the spirit was 
called jproof spirit; but if it contained too much 
water, the gunpowder was not fired. 

405. This method of testing the jsitrength of spirit 
is highly inaccurate. As alcohol is much lighter 
than water, the strength of spirit is easily ascertained 
by weighing & portion of it in a bottle, the capacity 
of which is known ; this gives its specific gravity, or 
weight, compared with an equal bulk of water, and 
from jihat it is easy to calculate its strength. 

406. The flavor of the grain spirit, or whiskey, 
thus obtained, depends a good deal on the ferment 
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used in itn tnanufacture. The whiBkey obtained by 
means of beer or porter yeaisrt bas always an inferior 
flavor to that prepared in the Highlands and in Ire- 
land, where no brewer's yeast can be obtained. 
Whiskey is somotimes artificially flavored ; thns, in 
the old TJsquebangh, nutmegs, cloves, cinnamon, and 
other similar substances W€re added ; and Geneva, or 
gin, was originally prepared by bruising jumper 
berries in the mash-tun, along with the grains and 
malt. 

407. In the manufacture of common gin, a small 
quantity of oil of turpentine is frequently substituted 
for the juniper berries ; as the flavor thus communi- 
cated to the spirit greatly resembles that derived 
fr5m juniper. The best Dutch gin, Hollands or 
Schiedam, is chiefly obtained from rye, mixed with 
about one- third its weight of malted barley, and fer- 
mented ; the weak spirit first obtained by the distilla- 
tion of this liquid is then rectified once or twice off 
juniper berries, by which means it loses the crude ' 
flavor which it originally had, and acquires the agree* 
able one of the junipers. 

408. Other spirits are similarly prepared from 
various substances — in fact, almost all vegetable sub- 
stances, containing either starch or sugar, may be 
made to yield spirit by fermentation. Very large 
quantities of spirit are manufactured from potatoes, 
which are grated, and the pulp mashed in water with 
a small quantity of ground malt, in an active state of 
fermentation. Great ci^re is required in the manage- 
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ment of potato wash, as the wort is very liable to 
pass into the acetous fermentation. The spirit 
obtained possesses a peculiar, and by no meianiB 
pleasant flavor, which, however, may be removed by 
rectification. 

409; Rum is obtained chiefly in the West Indies,* 
from the fermentation of molasses, or uncrystallixa* 
ble sugar, mix^ with a portion of sugar-cane juice, 
and a few- crushed fragments of the cane itself; if 
these are not added, the spirit has very little flavor. 
The fermentation of theliquor is assisted by the ad- 
dition of skimmings from the sugar-boilers, and some 
of the refuse from a previous distillation, called dtm* 
der^ and which is a tolerably active ferment. When 
first distilled, rum has often a harsh and disagreeable 
flavor ; it loses this after being kept some time in 
casks. 

, 410. In India, a great variety of spirits, which 
are described under the general name of arrack, are 
prepared. The chief sources are rice, sugar-canes, 
and the sweet juice of various palm and other trees, 
abounding in sugar. This^juice, which is called 
toddy, ferments very easily ; and if care be taken 
that it does not pass into the acetous fermentation, 
yields a pure and well-flavored spirit. 

411. In the manufacture of beer, the object of 
the brewer is, to obtain a solution containing the nu- 
tritive matters of the graia in a soluble and partly 
fermented state; part of the sugar being already 
converted into spirit, whilst the fermentation, of the 
15* 
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rest has been prevented, and its tendency to ferment 
altogether destroyed. 

412. The first operation is to convert the inso- 
luble starch in the grain into soluble gum and sugar ; 
this is eflFeoted by malting. The grain is moistened 
^nd allowed to germinate, and, in so doing, it be- 
comes sweet, starch disappears,. and sugar is formed ^ 
if germination were allowed to go «n, the sugar thus 
formed would be absorbed hj the young embryo 
plant, and the labor of the maltster consequently 
lost ; as soon^ therefore, as the required chemical 
change is effected,. he dries the malt, destroys the vi- 
tality of the seed, and prevents further Joss (690). 

418. Barley generally contains about 8 or 9 per 
cent, of sugar and ;gum ; after being converted into 
malt it contains 80 per. cent, of those^ substances, 
and of this at least half is sugar. In the process of 
xaaitiog, some of the azotized matter originally con- 
tained in the seed is lost (685). 

414. Although barley is generally used in -the 
Kianufacture of malt, yet most otjber grains may be 
rendered sweet by a similar process. In various 
countries, rye, wheat, oats, maize^ rice, and millet, 
are malted. 

415. In the manufacture of beer, as in the prepa- 
ration of distillers' wash, the malt is first ground, or 
ratheir erushed, and then mashed or infused in warm 
water, at a teiqperature <>f about 160^ ; so as to ex- 
tract all the soluble .matters which it cqntains. The 
inalt is ]^ept TOustantl^ stirred in the mash-tun for 
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abont three quarters of an hoar, the tun ie then cov- 
eredy and the whole is left quiet for about the same 
time, or rather longer. 

416. Two objects are attained in the process of 
mashing; the soluble matters in the malt ^are ex- 
tracted^ and a further portion ^f the starch is con- 
verted into sugar and gum^ by the influence of the 
diastase which the malt contains i(685) ; and hence, if 
a quantity of Taw gi'ain is mixed with the matt, the 
starch which it contains will be fotind to be converted 
into sugar and gum in the mash-tun. 

41T. It is t>f the first importance to use water of a 
proper temperature in the madh, tun ; a good deal of 
heat is given out in the process of mashing, and this 
must be allowed for. If the water is too hot it con- 
verts the starch into a. jelly, which interferes with its 
convei*sion into sugar; this is called setting the mash. 
If on the other hand the mash is too cool, the con-t 
version of the starch into sugar will likewise be very 
'Slow and imperfect, and the Wort will have a great 
tendency to turn sour. 

^ 418. When the mash is complete, and the Wort has 
become clear, it is run off firom the spent grains; 
which are then mashed a second time with fresh warm 
water, to dissolve the soluble matters still left in the 
grains after the first mashing. The product of the 
first tnash alone is used for ale, while that of the sub- 
sequent operations is. employed fot common or small 
been Sometimes the grains are subjected even to a 
third mashing^ 
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419. The sweet wort is then run into the copper, 
and boiled, and the sooner thia^is done after it has 
b^en drawn off, the better. Sweet wort contains a 
much larger quantity of vegetable albumen than is 
necessary to insure the requisite degree of. fermenta- 
tion, and this, if left in it, would be almoEit sure to 
cause it to pass into the acetous fermentation. By 
boiling the wort, a considerable quantity of this albu- 
men is rendered insoluble, and precipitates Ia flakes. 
The wort must, however, not be boiled too long, or 
the whole of the albumen will be thrown down. 

420.. When the wort has been boiled a certain time, 
a quantity of liops is added ; the hops are not allowed 
to boil with the wort the whole time, or too much of 
their rank flavor would be thus extracted^, and the 
long^continued action cf heat would drive off some of 
the fragrant volatile oil which they contain, and the 
presence of which is essential to the flavor and good- 
ness of the beer (481). 

_ 421. This part of the operation, as indeed are all 
which in any way depend on the regulation and 
miinagement of fermentation, is very delicate, and 
requires much, care ; the boiled wort is very prone to 
pass into the acetous fermentation ; it must be rapidly 
cooled, and brought down to the temperature be^st 
suited for alcoholic fermentation. 

422. The wort must be cooled to about 60^ or 
thereabouts, and if this is uot quickly done the wort 
begins to decompose ; it acquires a rank and disagree- 
able flavor, and becomes slightly mouldy; this, which 
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is termed foxmfess, can never be completely remedied 
if it has once commenced. It is peculiarly common 
in moist, close, warm weather. 

428. The cooled wort is then run into the ferment* 
ing vat or gyle-tun; if left to itself, fermentation 
would soon commence ; but it is far better to add at 
once some good yeast from the last brewing, stir the 
whole up well together, and then, having covered the 
vat, leave it quiet ; in a few hours the whole will be 
in an active state of fermentation. 

424. In three or four hours, bubbles of gas will be 
seen rising from all parts of the liquid, a ring of froth 
forming -at first round its edge, and gradually increas- 
ing and spreading titl it meets in the centre, and the 
whole surface becomes covered with a white creamy 
foam. The bubbles of gas thea rise and break in 
such numbers, that they 6mit a low hissing sound, 
and the white foam of yeast continues to increase in 
thickness, breaking into little pointed heaps, which 
become brownish on the surface and edges. 

425. The yeast gradually thickens, and at la«t 
forms a tough, viscid crust, which, when the ferment- 
ation begins ta slacken, would break and fall back 
again into the vat, if it waB not removed. The 
brewer skims it off and removes it as soon as he 
judges that the fermentation is complete; but if he 
thinks that ihe fermentation has ceased too soon, he 
stii^ the whole up again so as to mix the yeast with 
the wort. This, which is called rousing the vat, pro- 
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longs the fermentation^ or rather cauBes it to recom- 
mence. 

426. Whilst the fermentation of the wort is pro- 
ceeding, it gradually becomes clearer; the ferment 
added, as well as that which is generated in the wort 
(for all the azotized matter present is soon brought 
into the same condition of active fermentation), is 
gradually separated ; meanwhile the sugar is decom-^ 
posed, spirit is formed, carbonic- acid given off, and a 
considerable amount of heat is generated. Where 
the quantity of wort is large, this rise in temperature 
amounts to ten or fifteen degrees. 

427. In making ale and beer, it is the object of 
the brewer to leave a portion of the sugar in the liquid, 
he therefore removes the yeast so as to put a stop to 
further fermentation; but. in brewing porter he does 
not remove the ferment so soon, but allows the fer- 
mentation of the wort to continue for a longer time^ 
It is sometimes found convenient to add a small 
quantity of sugar to the wort. 

428. After the first fermentation is finished and 
the yeast removed, the liquor is racked or drawn off 
into casks, when it undergoes a second fermentation 
far more slow and protracted than the first. This is 
termed cleansing, and, Whilsjt it goes on, a consider- 
able quantity of mucilage, spent ferment, and other 
impurities subsides, constituting the lees or dregs. 
Wl^en this second fermentation is complete, the liquor 
is drawn off into casks^ the bungholes of which are 
then well closed. 
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429. The proportion of alcohol in difierent kinds 
of ale, ko.y yaries greatly; small beer usually con- 
tains from one to two per cent. ; ale from four to 
nine; and porter from four to six per cent, of alcohol. 
It is commonly calculated that a bushel of good malt 
should make about twelve gallons of ale, or twenty- 
four gallons of beer; but if the ale is intended to bo 
kept, a greater proportion of malt must be taken. 

430. The quantity of hops taken varies according 
to the strength of the liquor, and many other circum- 
stances. Strong ale, which is intended for keeping, 
must have more hops than that which is intended to 
be used at once. From three-quarters of a pound to 
a pound and a quarter is the quantity used to each 
bushel of malt. Occasionally, other bitters are used 
together with hops ; there are several which may be 
very well used for this purpose, such as the bitter of 
the chamomile flower; but there are others occasion- 
ally employed which are highly objectionable, like 
quassia. The bitter principle of this wood does not 
answer the same objects as that of the hop, and is 
besides very unwholesome. 

4S1. Hops are used in brewing, for several pur- 
poses. The aromatic bitter which they contain great- 
ly improves the flavor of the driAk ; their volatile 
oil prevents further fermentation, and renders it less 
likely to turn sour ; and the tannin and astringent 
matter of the hops help in precipitating the mucila- 
ginous and albuminous substances which the wort 
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contains, and which, if left in the beer, would be very 
apt to cause its fermentation. 

432. The goodness of ale and porter depends a 
great deal on the water with which it is brewed ; it 
is sometimes supposed that the water must be soft, 
but this does not appear to be really the case, because 
the water employed in many of the largest and best 
breweries is decidedly hard, and contains a very con- 
siderable quantity of sulphate of lime (239). 

433. Porter is essentially ale brewed with a por- 
tion of scorched or high-dried malt, and the ferment- 
ation of which has been allowed to proceed so far 
that nearly the whole of its sugar has disappeared. 
It was formerly brewed entirely from Jiigh-dried malt, 
but as in that case a large quantity of the sugar 
was needlessly destroyed, it was found better to use 
common malt, mixed with a small proportion of high- 
dried malt ; this gives the desired color and peculiar 
flavor of porter or brown stout. Sometimes oth^r 
coloring matters are used for the same purposes; 
these for the most part must be regarded as adulte- 
rations. 

434. The slow, continued fermentation which malt 
liquors undergo whilst kept ripening in the casks^ is 
essential to their preservation ; because the carbonic 
acid thus generated protects them from the in^uence 
of the air ; hence, too, the casks must be kept closely 
bunged up to prevent the escape of this gas. As 
soon as this fermentation ceas^, and air gets access 
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to the liquor^ oxidatioh commences, and it begins to 
pasa into the acetous fermentatioiii[47 6). 

485. For the same reason, also, when a cask has 
once been ta^pped, it should be used at once ; the 
liquor is brisk at first, being charged with carbonio 
acid, which renders it pleasant to the taste, and pre- 
serves it from further change ; ere IcMig the carbonic 
aciid es6apeS) the liquor becomes fiat, then the oxygen 
of the air begins to act upon it, and it soon turns 
sour. 

* 436. Mt^t liquor, which has once become dear and 
fit for use, must noTer be shaken; as ferment is 
always formed and deposited, even during the very 
slow fermentation which takes place in the cask-: 
agita^tion . not only renders the liquor thick and 
turbid by diffiising the spent ferment throughout itf 
but is -rery likely to induce a fresh fermentation, 
which would probably pass into the acetous one. 

i^7. In the Bavarian mode of brewing, the fer« 
mentation of the wort is allowed to proceed very 
slowly, exposed to a low temperature in large open 
vessels. Though slow, thir fermentation is vefy 
complete, the whole of the ferment is deposited at 
the bottom of the vat, whilst very little rises to its 
surface, and there Is hardly any frothing of the wOrt-. 
Beer- thus mude has very little tendency to enter 
into a new state of fermentatioti, even by the action 
of- the air. 

4381 BREAD-maktng depends in great part on fer- 
mentation ; a small quantity of silgar which exists m 
16 
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dough is converted into carbonio acid and spirit, by 
tbe action of the yeast or ferment mixed mrith it ; the 
carbonic acid thus evolved by dividing the dqnghj; 
and forming little holes and cavities throughout its 
mass, renders the bread light and porous. 

439. There are two distinct objects to be attained 
in the manufacture of bread, the one is the chemical 
union and transformation of the starch and other 
components of the grain, the other the formation of 
a uniformly light, spongy, and easily digestible mass; 
the latter is merely a mechanical effect, but both 
objects Ibre effected by chemical means. 

440. The flour of wheat and other grains used in 
bread-jnaking, consists chiefly of starch, together 
with a much «majler proportion of sugar, gum, and 
azotized matters. These substances may be made to 
undergo various changes^ and these changes may be 
brought about in many difierent.ways; the most com* 
mon and convenient, is to excite in them a state of 
vinous or alcoholical fermentation. 

441. There are two distinct modes by which this iis 
effected, namely, the use of leaven axid of ye^t or 
barm. Leaven is dough which has been kept till it 
has turned sour; when this is mixed with a quantity 
Qf fresh doctgh, it has the power of communicating to 
the whole of the latter its own state of fermentation. 

442. A quantity of flour is kneaded up into dough 
with a suitable quantity of water, and then left in a . 
warm place; it wiI^8oon become sour, ^d a greater 
or less degree of fermentation will be. established in 
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it, bat it will be irregular and very uncertain* ^ If, 
boweyer, a small piece of tbie sour dough is taken and 
tfacnrougbly kneaded up with a large lump of fresh 
dough, the wliole of the latter will very soon enter 
into A uniform ' state of fermentation; and if a 
small piece of this is set aside for the next baking, 
it will be in a fit state for use bj the time that it is 
required. 

443. The learen may be formed either of the same 
kind of flour as the bread is intended to be made with, 
or any other sdrt; it is most commonly the custom to 
employ bean, pea, or some similar flour, whieh passes 
very easily into fermentation, or at least to mix a 
portion of it with the flour, used in forming the leaven. 
When well made,, leaven may be kept fit for use for 
weekA and months, and byaddbg a pQrtion of dough 
to the leaven as large 4ibs that removed for the use of 
the bread- maker, the stock- of leaven is always kept 
up^ . 

444. In this coiintry, however, the use of leaven i» 
almost wholly superseded in favor of' yeast. This 
substance can usui&lly be obtained from a neighbor- 
ing brewery, and a small quantity of it mixed np with 
the dough j brings it rapidly into the required state, 
of fermentation^ without cpmmuni($ating to it the sour 
taste which leaven always give9 to bread. In many 
parts of Europe, however, and when yeast cannot be 
bad, all the bread is made with leaven^ 

445. Leaven added to dough excites in it a true 
alcoholio fermentation, but it also produces a portion 
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of lactic ftcid (877), aitd frequently vinegar likewise ;~ 
the latter is for the mo&t part dmen off i^ the Bub- 
Beqnent process of baking, but the formeir remains m 
the bread. 

446. .The baker usually commences by mixing 
together in n suitable vessel a proper proportion of 
yeast, warm water, common salt, and flour. The 
salt is first of all dissolved in warm water, which ia 
then allowed tQ cool down to about 80° or 90% after 
which the yefi#t and then the flour is added./ The 
quantities taken "vary slightly. The third part of a 
sack of flour, a pailful of warm waAer, four ot five 
pounds of salt, and three or four pints of yeast, ard 
about the usual proportions. 

447. This mixture, which is called the. sponge, is 
worked up to the consistence of stiff batter, and then 
left in a small trough for an hour or~ two^ covered 
over with a. cloth. During * this time a tolerably 
active fermentation is commenced, and as the mix- 
ture is. tenacious and viscid,, the carbonic acid gene- 
rated does not escape in bubbles, but is retained in 
the dough, causing it to swell up to about twice ita 
original size. 

448. If the sponge is made too thin, the gas thus 
generated will escape as f^t as it is evolved ', if of the 
right consistence, the whole of it will be retained. 
If the fermentation is allowed to continue^ too long» 
the sponge will become sour, and pass into the state 
of leaven; the baker, however, does not permit this, 
hut wheU he judges that the fermentation has pro^ 
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eeeded far enoKgh, lie adds aboHt twice as much 
more flacir as he originally tookw 

449. The sponge and flour are then very fally and 
carefully kneaded together, so as to insure the com- 
plete mixture of the half-fermented sponge with the 
fresh flour ; this is a very laborious part of the opera- 
tion, but it is quite essential to the success of the 
process, for if it is not very tborongfaly attended to^ 
the ferment will not be equally and uniforikily dif- 
fused throughout the whole of the dough. 

450. The. dough is then left for about an hour and 
a half; it is then kneaded a second time, divided into 
pieces of proper size and weight to form loaves, and 
then set aside in a warm place for a short time. 
Lastly, the loaves are ptit into the oven and baked, 
during which operation they are still more expanded 
and enlarged. In baking, the loaves generally rise 
or swell up to about twice the size which they pre- 
viously had. ^ 

451. The object of all these different prccesses is 
to decompose the sugar which the flour con tains, • for 
the purpose of generating carbonic acid, and thus 
rendering tbe dough light and porous. The sugar, 
therefore, which the floifr contains is essential to 
bread-making : but though the whole, or the greater 
part, of this sugar is of necessity thus decomposed, 
by the action of the yeast, yet when bread is analyzed 
it is found to contain very nearly as much sugar as 
flour does^ . 

452. When the yeast is mixed with the flour, it 

16* 
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immediiitcfl J begins te act on the Mgar, causing its 
decomposition into alcohol and carbonic acid ; bat at 
the same time it also acts upon the ^arch, and pro- 
duces in it a change analogous to that whieh diastase 
effects in the germination of a seed. It consequently 
happens, that though the sugar which originally ex- 
isted in the flour is almost entirely decomposed, yet 
a quantity of sugar, nearly equal in amount, is pro- 
duced or generated from the starch (360). 

453. In baking the bread a further portion of • the 
starch is decomposed; more gum and sugar ar« formed, 
the asotized matters uniting with them and the modi- 
fied starch, make a uniform substance, which is far 
more digestible than flour or unbaked bread. At the 
same time that these chemical changes are effected, 
the fermentation is altogether stopped, a coBsiderable 
quantity of water and the alcohol formed during the 
rising of the bread are driven offy and the bread is at 
the same time expanded and rendered still lighter, 
by the action of the heat of the oven on the gas con- 
tained in its cavities (62). 

454. The necessity of attending to the proportions 
in whioh the several ingredients of bread are mixed, 
afi well as the need of mixing* them very thoroughly, 
is evident. If the dough is .badly mixed, the car- 
bonic acid,, in place of being regularly diffused 
throughout the substance^ of the dough, will be col- 
lected into large irregular bubbles, and then the bread 
will be full of large holes and cavities, in place of 
being uniformly light iind spongy ; and the loaf, 
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tbougfa perhaps, as large as it would have been if well 
made, will he close and heavj« 

455. The goodness of bread depends a good deal 
an the proportion of water which it contains* The 
usual quantity in well-made bread is about 44 per 
cent., but it varieid somewhat according to the fineness 
and goodness of the flour. The percentage of water 
is also modified in a remarkable manner by the jHre* 
sence of rarious saline substances. The use of com- 
mon salt improres bread in several ways; it not 
ilierely improyes its mechanical texture, and renders 
it more wholesome and digestible, but it also increases 
its retentive power from moisture. 

456. When inferior or damaged flour is used, it is 
generally found that the bread^ ri^es slowly and im- 
perfectly, and when baked is close, and has .i^ bad 
color. Saline matters are found to correct this to a 
considerable extent, and some salts far more power- 
fully than others; aluid is Wmetimes employed for 
this purpose. No object is gained by adding it to 
good flour, but in the case of inferior flour its use 
decidedly improves the bread; and though it is un- 
questionably an injurious adulteration, yet it is harm- 
less compared with some of the other salts which 
have been employed for the same purpose. 

. 467. A very small quantity of alum greatly im- 
proves the color of the bread, and also catuseS. it to 
rise better, thus making inferior bread equal to the 
he&i. As far as the mere alteration of color is con- 
cerned, its use only serves to please the eyes of tho 
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customer, or rather to deceive him into the bBlief that 
he IB buying better bread than is really the case* 
The increased lightness which it causes is, however, 
really an improvement. 

458. Some bakers have even added sulphate of 
copper to the dough. This salt produces, in very 
minute quantity, the same effects on bread as alum 
does. Being a bighly poisonous salt, its use is most 
objectionable ; fortunately, it is an adulteration very 
easily detected. 

459. Carbonate of ammonia, whicb is sometimes 
mixed with slightly damaged flour, is a harmless ad^ 
dition. It does not improve the color of the bread, 
but renders it lighter, and removes any sour flavor 
which the bread might otherwbe aeqture, either from 
the inferior quality of the flour, or the nature of the 
ferment employed (462^; 

460. When bread is made with leaven, it always 
has a distinctly sour taste ; this is partly caused by 
the leaven itself, and partly by an acid fermenta* 
tion which it induces in the flour or dough. It 
sometimes happens also that bread which is made 
with barm or yeast has a similar sour taste ; this iia 
usually caused by want of skill or care in the prepa- 
ration. It is eccasionaliy caused by the use of sour 
yeasty when the latter has been kept too' long or is 
spoilt, and then of course the bread will have a sour 
taste, the same as if it were made with leaven. 

461. In places where a fresh supply of new yeast 
cannot always be had, -sour yeast must sometimes be 
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used; bat ibere is do need for the bread to be bad in 
consequence; because it is quite possible to remove 
the sour taste of th^ yeas) before using it» The ad< 
dition of a small quantity of carbonate of lime, soda, 
or magnesia^ trill effect this ; but, of course, care must 
he taken- not to use more of either of these salts than 
is necessary to neutralize the acid matter present* 

462. The sour taste which bread acquires when it 
is badly made, or when damaged flour is ased, is less 
easily corrected. Ne^rtheless, it may be greatly 
diminished, if not altogether prevented, by the ad« 
dition of a small quantity of carbonate of soda or 
ammonta^ The latter salt may often be employed 
with great advantage, and, being a volatile salt, it is 
raised in vapor by the heat of the oven. Any excess 
of it, therefore, is driven off by the heat, and in es- 
caping, assists in making the bread lighter. 

463. Yeast is not unfrequently* bitter, and then 
communicates a very unpleasant flavor to the bread 
made with it. This may be derived from hops, espe* 
cially when the yeast is collected from beer which is 
strongly hopped. But yeast sometimes. also acquires 
a^ bitter taste from keeping, which is quite. independ« 
ent of that derived from the hops ; this also may be 
remedied to some extent in various ways. One way, 
which is said to be very effectual, consists in throwing 
into thQ yeast a -few clean cinders freshly taken from 
the fire, but allowed to cool a little on the surface^ 
When cold, the cinders fall to the bottom, and the 
yeast is poured off. This operation appears to de^ 
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pehd in prbeiple upon the ^ingnlar property wbiob 
freshly-barnt charcoal has of abaorbing gaaes, and 
removing coloring and odorous matter generally from 
fiuhstanced to ?rhich it is added'(162). 

464. When, however^ there is any great, difficalty 
in procuring fresh and good yeasty it is generally 
better to use artificial yeaftt, ov to prepare a. ferment 
on purpose ; this is by no means difficult, and then 
the inconveniences just mentioned are wholly avoided. 
There are a great number of different ways of making 
artificial yeast. The object^ usually is to obtain a 
quantity of paste ^r dough in an active state of for- 
mentation, and tben,> by removing the water, to check 
further change until the ferment is wanted. By 
carefully washing 'and pressing beer yeast, so as to 
separate the moisture as much as possible, it becomes 
far less liable to spoil than it is in its fresh state^ 

465. A tolerably good kind of dry yeast may be 
made by mining together a decoction of wheat and 
bean flour with a small quantity of brewer^s yeast ; 
when the whole is in a state of active fermentation, 
enough wheat or barley flour is added to form a thick 
dough, which is then thoroughly kneaded, formed into 
jB^all cakes, and carefully dried. A very good fer- 
ment may at any time^ be obtained from one of these 
cakes, by crumbling it into warm water, and leaving 
the mixture a few hours quiet in a warm place. 

466. Yeast may also at any time be prepared 
direct from malt. . When a thick paste* or dough of 
wheat flour is left in a warm place, it soon begins to 
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feirment and emits a fiotur smell ; at the end of a week, 
however, it loses thiB sour smell and acquires a 
vitious one, and is then able to act powerfully on 
sugar as a ferment. 

467. If a small quantity of dough in this state is 
diffused in some warm water, and added to a strong 
decoction of malt and hop^, such as brewers make, 
or eren of malt aloixe, it soon brings the whole into 
actire fermentation, and in a few hours a quantity of 
good firesh yeast will be deposited. When the alco- 
holio fermentation 'is complete, the clear liquor may 
be poured o^, and the yeast is fit for bread-baking. 

468. The object to be attained by the use of fer- 
ment or leaven in the manufacture of bread being a 
purely mechanical one, and as the process of ferment- 
fttiojd is always uncertain and troublesome, a great 
number of attempts at dffferent times have been made, 
to make bread withx)ut its undergoing any ferment- 
ation whatever, though hitherto with but partial suc- 
cess. With care. and attention, however, ejccellent 
nnfermented bread may be made. 

469. It is sometimes stated by those who recom- 
mend the use of unfermented bread, that, in the ordi- 
nary mode of bread-making, a large portion of the 
most valuable part of the flour is destroyed by fer^ 
mentation ; this is not really the case. Very little, 
indeed, of the azotized matter of the flour is lost dur* 
ing the fermentation of the dough; the chief effect 
produced is the loss of a pcMrtion of sugar, but, as a 
iiearly equal quantity of sugar is at -the Same time , 
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formed Arom the fitarch (462), the real effect of tbd 
fermentation may be sajd to be priaoipallj the loss of 
about five per cent, of Btarob. The weight of the 
baked bread is always much greater than that of the 
flour from which it h made, owing t6 the large 
quantity, of water which ia incorporated with it* 
Two parta of floor make about three parts of bread. 
47^. The best of the various chemical modea of 
making bread, is that in which dry carbonate of soda 
and muriatic acid are employed^ A small, but 
definite quantity of dry carbonate of eoda is thor* 
oughly mixed with the .flour ; enough pure muriatia 
acid to neutralise it perfectly is dissolved in the 
proper quantity of water, a^d the flour thea added; 
whiliit the water and flour- are being mixed, the acid 
acts on the carbonate of soda, decomposes it„ expels 
its carbonic acid, and forms chloride of sodium, or 
common salt, with its base. ^ 

471. Hence, in thisk process the same effect in the 
end is produced^as in the ordmary mode of bread- 
making, but with this difference, that it has not un- . 
dergone any sort of fermentation, ^nd that nothing 
has been lost. A light and spongy dough is produced, 
containing abundance of bubbles of carbonic acid ; . 
and the only residue of the process, the common salt 
forD[ied, ao far from being objectionable, is, in fact, 
necessary to the formation of good bread. 

472. Another point in favor of this process is, 
that it takes much less time than the old methods do, 
because there is no need tolejave the dough to rise by 
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fermentation ; in fact, the less time the dough is left 
to itself, and the more rapidly the operation is car- 
ried on, provided the dough is thoroughly mixed, the 
better will the bread be* 

473. The most serious- objection to this mode of 
bread-making is, that, unless great care be taken, 
there is considerable risk of introducing poisonous 
substances into the bread if the acid is not perfectly 
pure, even when all reasonable precautions are taken 
to avoid adulterations. It is, of course, necessary to 
take care that th^ carbonate of soda is most thor- 
oughly mixed with the flour, and great attention 
must be paid to the proportions of the several ingre- 
dients. 

474.' In toasting bread, two very different effects 
are produced-^the modified starch in .combination 
wit^h gluten, which, the bread contains, is rendered 
still more soluble, and a fresh portion of gum is 
formed, whilst, at the same~time,.a part of the bread 
is more or less charred or carbonized. 

475. In nlaking toast and water, it is sometimes 
recommended to bum the toast well, so as to make it 
quite black ; this is often very ^ood advice, for the 
porous charcoal thus formed is a powerful purifying 
agent, and when water has a bad flavor, the addition 
of a piece of blackened toast does not merely cover 
the flavor, but removes it, arid renders the water more 
wholesome. The soluble matters, and also the finely 
powdered charcoal held in suspension, both contribute 
to render toast a very useful addition to water. 
17 
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476. Acetic acid, or* vinegar, ui formed wben a 
mixture of spirit and water, together with some fer- 
ment, is exposed to the air ; a portion of oxygen is 
absorbed, and acetic acid is formed. This change 
takes place when any liquid containing a portion of 
spirit and some organic substance, like gluten, is 
exposed to the air and kept moderately wart:^ ; the 
acetous fermentation, as it is called,^ then commences, 
and vinegar is formed. 

477. When a liquid containing spirit, water, And 
some decomposable organic matter is -exposed to the 
air, unless the temperature is too low, it soon begijis 
to turn sour, and forms vinegar. When a solution 
which has fully undergone the alcoholic fermentation 
is thus kept at a temperature of 70® to 85®, it slowly 
and .gradually undergoes this change ; but unless 
care is taken it is very apt to become mouldy and 
putrefy (380); 

478. The acetous fermentation is facilitated by the 
addition of a little ferment; hence in the manufacture 
of vinegar from wine or beer, yeast or ferment of 
some sort is usually added. When a small quantity 
of wine which has turned sour during its ferzpentation, 
is added to a much larger quantity -of properly fer- 
mented wine, it induces the whole to pass into the 
acetous fermentation, and good vinegar is formed* 
For this reason also, better vinegar cau be made in 
au old cask or vat which has been often used, than 
in a new one. 

479. Wine-vinegar, iowever, is commonly made in 
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▼ats provided with false bottoms pierced full of holes, 
a layer of vine-stalks and mark is first placed in the 
vat, covering the false bottom, and the vats are then 
nearly filled with wine. The Yine-stalks and mark aqt 
as a fermenty and soon bring the wine into a state of 
active fermentation: air is a-bsorbed, heat given out, 
and vinegar is formed (388). 

480i Care is always taken to check the rapidity 
of this fermentation, or to prevent the liquor from 
becoming too warm ; if this were permitted, the spirit 
of the wine, as well as the vinegar formed, being both 
volatile,, would be driven off, or at least a consider- 
arble portion of them would be lost. 

481. Any liquid containing spirit may be fermented 
into vinegar; and, consequently, as starch and sugar 
may be converted into spirit, so, solutions containing 
those substances may readilj be turned into vinegar, 
by being fermented : when this is the case, the pro- 
cess is not stopped when the alcoholic fermentation 
is complete, but is allowed to proceed as long as 
possible. 

482. In countries where wine is mad^, vinegar is 
chiefly made from the gr^pe ; in other places malt is 
usually e^iployed. A similar form of vat is used for 
that purpose as in the manufacture of, wine-vinegar, 
the only difference being, that a sweet- wort is substi- 
-tuted for the wine. Grape-mark, which is commonly 
called rape by the vinegar-makers, is generally used 
as a ferment. •■ , 

483. As soon as the wort has acquired a certain 
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degree of sonrness, and, in fact, before the acetous 
fermentation is quite complete, it is racked off; this 
is necessary to prevent it from passing into a state of 
putrefaction, which would be sure to happen if it 
were left too long in contact with the ferment (380), 

484. Vinegar, whether prepared from wine or 
malt, has a great tendency to spoil by keeping, in 
fact to putrefy ; this is merely caused by the impuri- 
ties which it contains. As made from malt, it always 
contains spirit, sugar, gum, and ferment, in greater 
or less quantity. It is thick and turbid, and must 
be clarified before it is fit for use or can be kept; 
this is done by the use of isinglass or some sihiilar 
fining. Sometimes also it is purified by filtration 
through powdered charcoal. 

485. When vinegar putrefies, the change is not 
confined to the impurities alone which it contains, 
the acetic acid also is decomposed, and hence, as 
soon as* the putrefactive fermentation commences, the 
liquid begins to lose sourness and becomes flat and 
insipid. The impurities of the vinegar may of course 
be wholly separated by distillation. Distilled vinegar 
has no tendency to spoil by keeping ; it is quite as 
strong and sour, or even stronger than it was before, 
but its flavor is not quite so agreeable. 

486. Vinegar i& sometimes conveniently strength- 
ened by the addition of sugar. In this case the im- 
purities which it contains, carry on the slow ferment- 
ation of the sugar, and cause its conversion into 
vinegar. The sugar must be added from time to 
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iimej and the liquid flhoold be kept at a temperature 
of from 70^ to nearly 90°. 

487. Very pure vinegar is sometimes made from a 
mixture of spirit of wine, and water, exposed to the 
air at a proper temperature. A. large cask, is filled 
with wood shavings which have been steeped in vine- 
gar, and the mi^irture of alcohol and water is allowed 
to trickle through it at the same time that a current 
of air passes^ through the cask. The large surface 
which is thus exposed to the air, iind the influence of 
the vinegar coptained in the shavings greatly assist 
the action ; oxygen is absorbed, the mixture becomes 
warm, and after passing once or twice through the 
cask is wholly converted into vinegar. 

488. Another source of acetic acid is the destruc- 
tive distillation of wood. When wood is burnt, only 
water and carbonic acid are formed; but when wood 
is distilled or roasted in close vessels out of the con- 
tact of air, it is decomposed^ and several new sub- 
stances are formed by the recombination of its ele- 
ments ; the most important of these substances h 
vinegar, or, as it is called when thus procured, 
pyroligneous acid (325). 

^ 489. Acetic acid cannot be obtained perfectly dry, 
The substance obtained by the above-mentioned pro- 
cesses, is a solution of acetic acid in water ; this may 

. be concentrated, bi;it if we attempt to obtain the acid 
free from any water,, it is decomposed. Acetic acid 
forms numerous salts, some of which are important 
in the arts, such as sugar of lead, which is an acetate 

17* 
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of lead, and pyrolignite of li-on, whicli is an imptiFe 
acetate of iron ; the salts made with the crude wood- 
tiiiegar, or pyroligneous apid, are commonly tailed 
pyroHgnites, 

490. The strongest acetic acid is usually obtained 
by neutralizing yinegar with carbonate of soda -or 
lime. By evaporating the liquid, a dry acetate of 
soda or of lime is procured, and these salts, when 
acted on by strong sulphuric acid, give off acetic 
acid in the form of a very pungent acid vapor, which 
may be easily condensed by cold. A small portion . 
of water distils over with the acetic acid, and is con- 
densed with it, forming a very strong solution. 
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^ CHAPTER VI. 

VBQETABlE PRINCIPLES — NATURE AND COMPOgjTION 
.OF ANIMAL BUBSTANCES. 

491. It is well known that plants possess very 
various properties : some are noted for tbeir fragrant 
smell, others for the brilliant colors they produce ; 
some yield oils, others resins, and a great many are 
valued for their peculiar medicinal qualities : all 
these various properties are caused by the presence 
of a certain quantity of some organic substance, some 
peculiar compound ^ of oxygen, hydrogen, qarbon, 
and nitrogen, which is formed by the plant* 

492. The number of these organic substances 
which have be^n discoveredin plants is very great : 
it is quite unnecessary to describe or even enumerate 
them all ; it will be sufficient to mention very briefly 
the most important of theiii, arranged under three or 
four heads. 

49S. Amongst the substances formed by plants, is 
a numerous series of organic acids : . substances com- 
posed of oxygen, hydrogen, and carbon, which pos- 
sess acid powers, and combine eagerly with bases to 
form neutral salts. In general^ they do not exist in 
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plants in the free state, but are combined with 
various bases derived from the soil ; sometimes they 
are found in the state of perfectly neutral salts, but 
more frequently they form acid salts (111); that is to 
say, there is more acid than the base is able to neu- 
tralize ; such plants have a sour taste. 

494. When the salts of organic acids are burned 
or strongly heated, the acids are decomposed; in 
these cases, the base, which was previously combined 
with the organic acid, is found, ^after its destruction, 
combined with carbonic acid, in the state of a, car- 
bonate (646). . ' 

495. The most important of the organic acids, are 
the acetic, 'citric, tartaric, malic, and ozaliq. There 
are few plants which do not contain a small portion 
of one or other of these acids, either in the. free 
state, or else combined with a base. Unripe fruit 
contains a considerable quantity of malic and tar- 
taric acids ; and the leaves and stems of many plants, 
such as sorrel and rhubarb, have a strong, sour taste, 
from the t presence of oxalic and malic acids. The 
nature and properties of acetic acid have already 
been described (476). 

496. Citric acid exists in a free state, abundantly 
in the juice of limes and lemons, and in unripe goose- 
berries, currants, and other similar fruits ; it is easily 
procured from these sources, ia white crystals, having 
an agreeable, sour taste, and readily dissolving in 
water. Citric acid is used in considerabla quantity 
by dyers : none of its salts are of much importance. 
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497. Pare citric acid is obtained from the juice of 
limes or lemons,' by a propess resembling that used in 
the preparation of pure acetic acid (490). The sour 
juice is saturated with powdered chalk, which forms 
with its acid an insoluble citrate of lime ; this is 
well washed with pure water, to remove the mucilage 
and other foreign matters present in the juice of the 
fruit. The pure citrate of lime is subsequently de- 
composed by dilute sulphuric acid, sulphate of lime 
is formed, iand, as the clear solution cools, the citric 
acid is deposited in crystals. 

498. Tartaric acii> is obtained from the juice of 
grapes, pine-apples, and several other fruits ; its 
principal source is wine, from which it is deposited as 
a super-salt of potash. The hi- or super-tartrate of 
potash ifi slightly soluble in water, but almost insolu- 
ble in a mixture of spiritr and water ; hence, after 
the fermentation of grape juice and consequent form- 
ation of spirit, the bitartrate of potash previously 
dissolved, is thrown down as a -crystalline precipitate, 
constituting argol, or cream of tartar (809). 

499. Tartaric acid is manufactured from tartar, by 
the use of lime and sulphuric acid. When tartar is 
boiled with chalk, the- excess of wine in the tai^tar 
combines with lime, and forms an insoluble tartrate 
of lime. This salt, decomposed by sulphuric acid, 
yields pure tartaric acid. 

600. The tartar deposited by red wine, has always 
a pink or red color, and contains some of the coloring 
matter of the grape. By boiling it with » portion 
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of powdered auimal charcoal^ the color may be re- 
moved. By merely exposing the crystals of tartar 
to the sun and air, they become bleached to a consi^ 
derable extent ; for this purpose they are spread out 
upon lajge sheets of canvas, and left some time thus 
exposed, after which, they are dissolved and recrys- 
tallized. 

50L -Tartaric acid is a white crystalline solid, like 
citric acid, easily soluble in water^ and uniting to bases 
to form salts called tartrates. It is chiefly used in 
dyeing, and calico-printing; it is also used in medi- 
cine, and in the n^anufacture of saline and effervescing 
drinks. 

502. Malic acid occurs associated with citric acid 
in apples, pears, a^d in the stems of common rhubarb. 
It forms salta called malates, but neither the acid nor 
any of its salts are of much importance; they are 
nrot used for a&y practical purpose. 

508. Oxalic acId exists in considerable quantity 
in rhubarb, sorrel, and a great many other plants; 
it is, however, generally made artificially from sugar. 
When stigar, starch, lignin, &c,, are heated with strong 
nitric acid, violent action takes place, and the organic 
substances are decomposed, the whole of their hyJro- 
gen being . abstracted, and the carbour and oxygen 
left in those proportions which form oxalic acid (180). 

504. The commonest salts, of oxalic acid in plants 
are oxalate of lime and super-oxalate of potash. The 
former is a white insoluble salt, readily obtained by 
adding oxalic acid to a aolution of lime. In conae- 
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qtient5e of the strong affinity which lime has for oxalic 
acid, and the fact that the compound ivhich thej 
forffi/is insoluble in irater, oxalic acid is a very valua- 
ble test for the presence of lime and all its soluble 
compounds. 

606. The super-oxaTate of potash is a soluble 
crystalline salt; it is found in sorrel, rhubarb, and 
many similar plants, giving them a sour flavor; it 
occurs in many fruits associated with malic and tar- 
taric acid. This salt, which is termed salts of sorrel, 
and sometimes also (though most improperly) salt of 
lemons, is qsed in taking out iron-moulds, or stains 
in linen caused by oxide of iron. This use depends 
upon the fact, that the oxalic acid has a strong affinity 
for oxide of iron, and forms' with it a readily-soluble 
s^lt, whilst the acid used has not corrosive powers, 
and therefore does not in any way injure the texture 
of the linen. 

606. The oily substances formed by plants are Tike- 
wise very numerous; they are of two. kinds, fixed and 
volatile.; those which when exposed to the air remain 
without diminishing their bulk, and those which when 
so exposed evaporate. Olive oil, castor-oil, and 
cocoa-nut oil, belong to the former class, whilst oil 
of lavender, oil of cloves, and oil of lemons, a^re vola- 
tile oils. 

607. All vegetable oils, whether fixed or volatile, 
contain carbon and hydrogen; in addition to which 
the greater number contain a portion of oxygen. 
They are^ all combustible, and when burning form 



204 OILS. 

vater and carbonic acid gas. Oils arc found ia all 
parts of plants, but rather more abundantly in the 
seeds and fruits than in other parts. The seeds of 
some plants^ SQch as the poppy, linseed, rape, and 
mustard, contain frequently nearly half their weight 
of oil. 

508. Fixed oils are divided into fat oils, and dry- 
ing oils; the former remain fluid when exposed to 
the air, like olive oil ; the latter gradually harden, 
and dry up into a kind of varnish, like linseed oil. 
Fat oils are used for soap-making, in wool-spinning, 
to bum in lamps, and in dimijiishing friction ; those 
like cocoa-nut and palm oil,- which remain soUt} at 
common temperature, are used for the manufacture ' 
of candles. Drying oils are employed in pr^i^ring 
paints ^nd varnishes; for this purpose they are usually 
boiled, which causies them to dry and harden eiven 
more rapidly than in the fresh state. 

509. The odors of plants are for the most part oc- 
casioned by the presence, of volatile €^1, in greater or 
less, quantity. The volatile oils are obtained hy dis- 
tilling the plants which, contain them with water ; 
fixed oils are procured by pressing the s^eds in 
which they are found, either cold or after- a slight 
roasting ; th^ former process gives the purest oil. 

510. The most important of the non-drying fat 
oils, are • those of. the olive, cole-seed, rape, poppy,, 
almond, mustard, and till, or seaamiim. The chief 
drying oils are, linseed, hemp, nut, and castor. These 
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oils are all lighter than water, flaid at common 
temperature, and very combustible. 

511. Amongst the solid oils may be mentioned the. 
oils of palms and cocoa-nuts, and the various vege- 
table butters. The different waxes^ too, of which 
there are a great number, are closely connected in 
nature with these solid vegetable oils. These sub- 
stances all consist of carbon, oxygen, and hydrogen. 

512. The volatile oils, such as. those of turpen- 
tine, lemons, orange-peel, bergamot, sabine, and pep^ 
per, &c„ are pure hydrocarbons. They contain no 
oxygen ; while those of cloves, peppermint, caraway, 
and lavender, &c., contain oxygen. Camphor may be 
said to be an oxidized volatile oil; its composition is 
the same as oil of turpentine, with the addition of 
one equivalent of oxygen. 

513. When the fixed oils are acted on by bases, 
they are decomposed, and resolved into certain fatty 
feicids, and a peculiar sweet, uncrystallizable substance 
called glycerine. Most of these oils are' mixtures of 
three distinct, fatty substances, distinguished by dif- 
ferent properties ; these are termed stearin,e, marga- 
rine^ and elaine or oleine,, and, when acted on by a 
basd, they are respectively de(K)mposed into glycerine, 
and stearic, margaric, or oleic acid. 

514. -Stearine is a white, friable, crystalline solid, 
which exists in many of the solid oils ; it melts at a 
temperature of 180^ ; when saponified or heated 
with a base, such as potash, it is^ decomposed, and 
yields a soap, or salt of stearic acid and potash. 

18 ' — 
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This soap 'is readily decomposed by a stronger acid, 
and then yields pure stearic acid, which resembles 
' stearine in appearance and properties. It is, how- 
ever, a distinct acid, and melts at 158^. 

515. Margarine closely resembles* stearine, bnt it 
is more fusible, melting at 116°. When saponified, 
it yields margaric acid, a substance very similar to 
stearic acid, but more fusible, melting at a tempera-o 
ture of about 140^. 

516. Elaine, or oleine, constitutes the fluid part of 
oils ; it remains liquid at all cemmon temperatures, 
and, treated with alkalies, yields a fatty substance, 
oleic acid, which greatly resembles oleine in proper- 
tfes. ' ^ 

517. These substances may to some extent be se- 
parated by mechanical means alone. When semifluid 
oils, those which consist of stearins and oleine, are 
cooled, and then strongly pressed, the whole of the 
fluid oil or elaine may be squeezed out, and nearly 
pure stearine is obtained. The stearine, or mixture 
of stearine and margarine thus procured, is an ex- 
cellent material for candles, whilst the fluid oil which 
is pressed out may be used for various other pur- 
poses not requiring solidity, 

518. Stearic acid, however, being harder and stiU 
less fusible, makes even better candles than stearine ; 
hence it has become a considerable manufacture. 
The stearine is boiled with alkali or lime; and the 
salt formed, then decomposed by a stronger acid. 

519. Candles made of stearic acid are bard, bril- 
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Imnt, and nearly equal to wax : tlie acid, however, 
has a great tendency to crystallize, «wbich interferes 
with its use for the manufacture of candles. At one 
time a small quantity of arsenic was added to the 
atearie acid, as it wa« found to counteract this tend* 
eney. It has since then been found that other sub- 
stances will produce the same effect, and thus the 
addition of this very objectionable substance is ob* 
yiated. A great number of difierent mixtures of 
stearine, stearic acid, wax, spermaceti, and other 
soird fatty substances, in yarious proportions, are 
used in the manufactjire of candles. 

520. Soap may be stated to be a salt, or rather a 
mixture of several different salts ; namely, the mar- 
garate, stearate, and oleate of potash and soda. Soap 
is either hard or soft ; the former is made with soda 
alone, or a mixture of soda and patash, whilst the 
latter is made exclusively with potash. 

521. In ipaking soap, all that is necessary is to 
boil together caustic alkali with the oil or fat to be 
saponified ; carbonated alkali will not combine with 
the fat acids. The first thing, therefore, is to prepare 
a strong caustic alkaline lye; for this purpose the 
kelp, barilla, or other crude alkali, is mixed with 
lime, which decomposes the alkaline carbonates, and 
sets free the caustic alkali ; the mixture is then lix- 
iviated with water, and a strong alkaline lye is ob- 
tained* 

522. The oil, fat, or tallow, is next heated in a 
suitable boiler, and the alkaline lye is then gradually 
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added, the mixture being kept constantry heated and 
well stirred. A cream-like liquid is thus formed, and 
when the proper quantity of alkali has been added, 
and the mixture has been boiled long enough, a quan-^ 
tity of common salt is stirred in, and the whole is 
allowed to cool, the fire being withdrawn. 

623. Soap is easily soluble in pure soft water, but 
it is insoluble, or nearly so^ in a strong Solution of 
common salt ; consequently, when salt is added to 
the newly- formed soap in the boiler, it causes the 
separation of the soap from the lye. The cream-like 
liquid quickly separates into two parts, the lower one 
being clear and transparent, and containing common 
salt, glycerine, and the impurities of the lye (513), 
whilst the upper part is thic'k and opaque. As it 
cools it solidifies, and forms hard soap. 

524. The addition of common salt to a thick hot 
solution of soda soap has no other efiect than that just 
described ; but when it is added to a potash soap, there 
is produced in addition another effect which is purely 
chemical. The salts which the fatty acids form with 
potash are decomposed by the chloride of sodium ; a 
mutual exchange of acids takes place ; and hence, 
when a potash soap is mixed with a solution of com- 
mon salt, both the soap and the chloride of sodium are 
decomposed, and soda soap and chloride of potassium 
are the results. 

525. When the spent lye has been separated from 
the soap, the latter is heated a second time so as to 
meh it, well stirred up, and then poured into wooden 
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frames or moulds, to cool and harden. Good soap 
contains generally at)oat o^e- third of its weight of 
water ; the exact proportion depends upon the mode 
in which it is made. It is possible to prepare a solid 
soap containing as mnch as two- thirds of its weight 
of water. 

626. Such soap looks very well whilst fresh, but it 
soon begins to shrink and shrivel up when kept. The 
retailers of soap generally store up their soap in a 
damp place, where it shall lose as little weight as 
possible by evaporation; sometimes they keep it in 
strong brine^ and many devices are adopted to in- 
crease the weight of soap, by causing it to take up a 
larger proportion of water. 

527. Common yellow soap is. made in the same 
way as white or euriisoap ; but it contains, in addition, 
a quantity of resin. This' is a useful addition ; and 
such soap is both good and cheap. The yellow soap 
is softer and more soluble than hard white soap ;^h$re 
is consequently more of it. wasted in washing. 

528. Black, or soft soap, is made entirely with 
potash, and is generally maliufactUred from the com- 
monest and cheqtpest pils ; it is semi-transparent, vand 
has usually a dark gr^nish color, speckled through- 
out with little white spots. These spots are caused 
by the addition of tallow, which, though it does not 
really in any way add to the goodness of the soap, is 
generally mixed up with it, because many persons 
imagine that the soap is not good, unless it exhibits 
this peculiar appearance, 

18* 
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529. Soap forms a clear solution in pure water; it 
will not dissolve in saline solutions, and is decomposed 
by a great many salts of ]ime, and, indeed, nearly 
all earthy and metallic salts decompose soap, and 
throw down insoluble compounds of the fatty acids 
with the bases of these salts. * It is for this reason that 
hard water is not fit for washing ; the soap is decom- 
posed by it, and rendered insoluble. The slimy acum 
which is formed by soap in such water, is a compound 
of the fatty acids of the soap, with lime. 

580. Water which is hard in cojisequence of its 
containing carbonate of lime (280), deposits earthy 
matter, and becomes softer by mere exposure to the 
air; the same effect is at once produced by boiling ~ 
the water for a few minutes, so as to drive off the 
carbonic acid. Water which is hard from the pre^ 
sence of other salts of lime, may be improved by^ the 
axldition of a little- carbonate of soda ; this will throw 
down some of the lime; and, rendering the water softer, 
will make it much fitter for washing, and prevent a 
great waste of soap. 

581. Soap is easily soluble in spirit of wine; such 
a solution affords a very good te^t of the relative 
hardness of Waters ; the i^rhite precipitate it forps, 
is a measure of the quantity of earthy matter present 
in the water. When such a solution of soap is eva- 
porated, the spirit is driven off, and the soap is ob- 
tained in a transparent state; various perfumed 8oap& 
are thus made. A solution of soap in spirit, to which 
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a portion of camphor has been added, conatitntes 
opodeldoc. 

. 582. The reains, whrch>are not leas namerons than 
the oile, resemble them in chemteal composition and 
t^ombnstibility; they are formed in large quantity bj 
many plants, and are very frequently seen adhering 
in large transparent drops to the bark of trees which 
produce tbem. Resins frequently look very much 
like gum, but they may readily be distinguished .from 
gum by the fact that they are quite insoluble in water, 
whilst- gum easily dissolves or softens in that fluid 
(885). 

533. Most of the resins as they are obtained from 
the trees which yield th^m are fluid, or at least soft, 
and contain a portion of volatile oil; this is separated 
by heat, and then the pure resin is left. Common 
turpentine, which is a natural exudation, consists of 
resin and oil of turpentine ; it is distilled, and the 
oil of turpentine is thus procured, whilst the resin 
called colophony is left. A healthy pine-tree yields 
from six to twelve pounds of turpentine annually. 

534. When resinous woods are distilled or burnt, 
they yield tar. The trees are commonly cut down 
and burnt, so that the heat given out melts the resin 
in the wood ; and that which escapes burmng, runs 
down and is collected below* 

685. In the manufacture of tar, the billets to be 
burnt are piled into a stack, and then covered, over 
with turf ; the combustion of the wood is thus smotfa* 
ered and kept down, and the loss of tar is prevented. 
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In France, tho wood is generally distilled in largft 
brick oveps« Tar differs from. common turpentine in 
consequenoe of the mode in which i( is obtained ; it 
is darker colored, and contains less volatile oil^ as a 
good deal of the volatile oil is ^injured and decom- 
posed, during the extraction of the tar, by the heat 
of the fire. 

536v When tar is heated strongly and boiled, the 
volatile oil which it contains is gradually driven off; 
there then remains a brittle, black, shining, fusible 
solid, called pitch. 

537. There is another variety of tar, which is ob- 
tained during the manufacture of coal gas, and 
formed by the destructive distillation of bituminous 
coal. This substance resembles vegetable tar in nar 
ture and properties. It contains a volatile oil called 
naphtha, or coal-tar oil; and when this substance is 
driven off by distillation, there remains a kind of pitch. 
Goal naphtha resembles the native rock oil, or mineral 
naphtha ; it is very combustible, and forms a valuable . 
solvent for caoutchouc and some of the resins.. It 
consists of hydrogen and carbon — the same elements, 
therefore, as oil of "turpentine. 

538. Most of the simple resins, like common rosin 
or colophony, the residue of the distillation of tur- 
pentine, are brittle, fusible, aqd very combustible 
solids, which easily dissolve in alcohol, or.pyrox- 
ylic spirit ; but are quite insoluble in water. They 
are found to consist pf mixtures of several distinct 
icid substances. When resin is boiled in an alkaline 
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solution^ it readily combines with the base, and forms 
a soluble salt — a compound of the acids of the 
resin with the alkali. 

' 539. This property of resins of dissolving in alka* 
lies is practically employed by the paper- makers, 
who prepare a size for the commoner sorts of paper 
by dissolring resin in a solution of carbonate of 
soda. Such a solution is immediately decomposed by 
any of the strong acids, which combine with the 
6oda, and separate the resinous acid in an insoluble 
sfate. For the same reason, too, resin is used as a 
constituent of common yellow soap. . 

540, There are likewise found a number of gum« 
resins, as they are called, which have some of the 
properties of gum, and yet resembles resins ; these 
are mixtures of gum and resin. They dissolve, though 
but imperfectly, in both water and spirit of wine. 

641. PJants contain an immense variety of dif* 
ferent coloring matters, all of which, however, when 
analyzed, are found to consist of nothing but oxygen, 
hydrogen, and carbon, or these three with the addi* 
tion of nitrogen. The nature and properties of these 
8ut»6tances are as various as their colors. They are 
all destroyed by heat, which burns them, like all the 
other varieties of organic matter. ^When bumt^ the 
re&uUs are water, carbonic acid, and frequently am- 
monia. 

542. Some vegetable colors are tolerably perma«* 
nent, whilst others are very fugitive, fading in a short 
time when exposed to air and light, Ice. Most vege- 
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table colors are soon bleached by sulphurous acid^ 
and rapidly destroyed by chlorine. The art of the 
dyer consists in staining wool, linen, and cotton of 
Yarious colors ; some of the colors be employs are 
metallic, but the greater number are of vegetable or 
animal origin. Dyes are divided into those which at 
once permanently stain the fabric to be dyed, such 
as indigo ; and those which require the use of some 
mordant or substance to fix them. The most import- 
ant mordants are alumina, oxide of iron, and o^ide. 
of tin. . These substances have a remarkable attrac- 
tion for coloring matters, and also for the fibres of 
cotton, wool, and[ silk ; they consequently assist in 
dyeing those materials pf various colors. 

543. Lastly, there are a number of peculiar veget- 
able substances, to the presence of which in plants 
their medicinal properties are in many cases due. 
Chemists have obtained from various plants a great 
number of substances called ^' active principles," 
some of which are highly {poisonous, whilst others in 
small quantities are valuable medicines. Amongst 
this class of substances are the vegetable alkalies, as 
they are called ; these are compounds of oxyg^, 
hydrogen, carbon, and nitrogen, which possess the 
power of combining with acids and forming neutral 
salts. They are, of course, .destroyed by heat, and, 
whilst burning, give off the usual results of the com- 
bustion of organic matter — water, carbonic acid, and 
ammonia. 

514. All plants contain a small quantity of inor- 
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ganic matter. Besides the lignin, gum, sugar, starch, 
gluten, and other similar substances which consist 
of carbon, hydrogen, oxygen, and nitrogen, and 
which burn in the air when heated, there ate always 
found substances which cannot burn, but which are 
of an earthy nature; these substances remain as 
ashes, when plants are burnt. 

545. The inorganic substances found in plants are 
by no means numerous ; the most common are salts 
of lime, potash, soda, magnesia;, oxide of iron, and 
silica. These substances are found in the ashes of 
plants, combined with carbonic, sulphuric, phosphoric, 
and some other acids. 

546. The ashes of plants very frequently contain 
a considerable quantity of carbonate of potash (494); 
this salt does not exist in the growing plants, but is 
formed during their combustion. Potash is found in 
a very great number of plants, sometimes in combina- 
tion with sulphuric acid, or silica, but more commonly 
united to tartaric, oxalic, or some other organic acid, 
constituting a tartrate, oxalate, or other salt of potash. 
When plants are burned, all the organic acids are 
burned, as well as the lignin -and similar substanoes 
which th^y contain ; -consequently, although in living 
plants the potash is Combined with organic acids to 
form neutral or even acid salts^ yet, as these acids 
are destroyed when plants are burned, caustic potash 
is left (199), which, of course, combines with carbonic 
acid to form carbonoite of potash. 

547* In the sa'me^way, carbonate of soda is fre- 
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quentlj fbrmed by burning plants which contain salts 
of soda united to various organic acids. Before the 
mode of obtaining carbonate of soda from common 
salt (220) was discovered', the chief source of that 
salt was the ashes of sea-weed, and other marine 
plants. 

548. The ashes of many plants contain silica (266), 
generally in combination with either potash or soda. 
Oanes, and almost all plants allied to the grasses, are 
completely coated over with a thin film or varnish of 
silica. Sometimes even, as in the case of the bamboa, 
solid lumps or concretions of silica, called tabasheer, 
are found in the joints of the plant. 

549. When- a stack of hay or straw has been burnt, 
so that all the volatile or combustible matters have 
been dissipated, there is found a large quantity of a 
dark-colored glassy-looking substance, which consists 
principally of silicate of potash previously existing in 
the plants, and which, being unaltered by the heat 
given out during their burning, is merely melted, to- 
gether with other substances contained in the plants, 
into a glass. This may also very easily be observed, 
by burning a piece of straw in the flame of a candle : 
abundant white ashes will be left, which continue > to 
retain nearly the form Qt the straw, and which, if 
kept in the flange of a candle, melt into an imper- 
fect sort of glass; this is principally silicate of potash. 

550. The quantity of this substance which exists 
in the stems of different plants, varies much ; sT)me, 
such as the plants used for polishing, commonly called 
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Dutch rashes/ contain ^Ven more than hay or straw ; 
and cane containis so much silica, that it appears 
eompletely cdated with flint. - 

551. Bime is almost invariahlj found in the ashes 
of all plants, and frequently coiistitntes a large pro- 

^portion of the earthy substances present in them. It 
sometimes esdsts in combination with sulphuric acid, 
as sulphate of lime (287), biit far more commonly 
united to phosphoric acid, or in the state of phosphate 
of lime (242). It is likewise very frequently found 
in considerable quantity in plants, combined with 
organic acids, particularly as oxalate of lime ; hence' 
the ashes of plants commonly contain a portion of 
earbonate^ of lime, which is formed in a similar man* 
ner to the carbonate of potash already described 
(494). The quantity of oxalate of lim^ in some 
plants i& so large^ that, upon cutting them through 
with a knife, multitudes of little crystab of this salt- 
may be seen by meaiis of a common pocket iens. 

552. Magnesia is ?ery often found associated with' 
lime, more, especially in the state of phosphate of 
magnesia (253),. and as a double phosphate of mag^ 
nesia and ammonia ; but as this salt is decomposed 
by beat, the ammonia being volatile, only phosphate 
of magnesia is found in the ashes. 

553. The ashes of almost all plants contain a trace 
of oxide of iron; and occasionally of the oxide of 
manganese also; \and in one or two rare instances a 
minute quantity of copper has been found, especially 
in certain fhngi. . ■ ( 

19 . 
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554« Animals, like plantA, consist almost entirely 
of four elements^ bot tliese are grouped or combined 
together to form varioas different compounds* The 
bodies of all living animals contain a considerable 
quantity of water : when this is cTaporated by heat» 
there remain certain snbstancesy which may be readily 
separated from each ether in; conseqaenoe of the 
different properties whidi they possess, just in the 
same way that we can separate the rarioiis sobstances 
which compose plants (818). 

555. The conatitnents of the bodies of animals may 
be naturally divided into the organic substances pf 
which the softer parts of animals Are composed, and 
the earthy or inorganic matters, such as the bones. 

556* Animal, substances, for the most part, are ra^ 
tber more complicated in their nature than vegetable 
substances; they almost all consist of oxygen, hy- 
drogen, carbon, and nitrogen ; in consequence of the 
presence of this latter element, they are more liable 
to decompose than those vegetable substances whicli 
do not contain it. 

-557* The principal substances whidr compose the 
bodies of animals, and which are, therefore, called 
proximate animal principles, are: albumen, fibrin, 
caseine, gelatine, and fat, or oil; besides these, 
cbemists have detected a multitude of other sub- 
stances ; but these five are the most important, or 
those- which constitute the greater bulk of animal 
matter. 

558. There are many varieties of albumen and 
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fibrin, which, ia conseqaenee of pecnliftr properties, or 
slight differeneoB in composition^ have received differ* 
ent names ; it is unnecessary to study the nature of 
all these substances ; we may include them under the 
general terms, albumen and fibrin. Albumen con- 
sists of — 

Carbon . 6484* 

> Hydrojgen • • -♦ . • .709 
Nitrogen . ^ . . • . 1583 

Oxygen with ] 

Phosphorus and > ' . . . . 2224 . 
Sulphur )^ 

10,000 

559. Albumsn is a white, solid substance, which 
swells up, and slowly dissolves in water, forming a 
dear, transparent solution. Albumen is separated 
from its solution in water by the addition of certain 
acids, and also by the action of , heat ; when a 
clear solution of albumen is boiled, the albumen sep- 
arates in the form of a white curd or scum ; if the 
solution contain much albumen, the whole becomes 
solid. 

660. This substance exists in many parts of the 
animal system. The white of the egg consists of 
hardly anything else ; when a fresh egg is boiled, 
the albumen separates as a white curd ; it coagulates, 
or becomes insoluble in water. Albumen occurs in a 
state of solution, in blood, and many of the liquids 
and softer parts of animal bodies. It is also found 
in a dry or solid form. Hair consists of albumen^ 
together with a small portion of gelatine* 
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561. Dry albumen may be kept for a long time 
without undergoing decomposition; but in solution, 
or when moist, it is very liable to change. WheA 
heated, it burns; and the resulte of its decay, as 
well as of its combustion, are water, carbonic acid, 
and ammonia; it leaves a small quantity of white 
ash, which consists principally of phosphate of lime. 

562. When perfectly pure, albumen appears to be 
nearly insoluble in pure water ; but it readily dis- 
solves in a weak alkaline solution, a very small quan* 
tity of which, gives water the power of dissolving 
albumen. Albumen is also soluble in acetic and 
phosphoric acid ; these substances, therefore, do not 
throw it down from its alkaline solutions, but it is 
precipitated by sulphuric, muriatic, and. most other 
acids,' and the albumen thus thrown down is found to 
have combined with a portion of the acid used to 
precipitate it. ' 

563. Most metallic salts also precipitate solutions 
of albumen, forming with it insoluble compounds ; 
it is for this reason, that white of egg is recommended 
in certain cases of poisoning, as, for example, with 
corrosive sublimate. Albumen is used in many cases 
as a fining material; when mixed with any solution 
which it is desired to purify, and then precipitated, it 
separates in a curdy form, and, in so^doing, entangles 
and separates the solid impurities previously suspend* 
ed in the solution. When there is a large quantity 
of free alkali, or of tipetic acid present, & solution of 
albumen cannot be coagulated by heat Alone, 
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664. FiBBXN, wlken pure^ is % vhite elastic sab- 
stance, insoluble in water, whether hot or cold ; but 
soluble in acid and alkaline solutions. The muscle 
or flesh of animals consists principally of fibrin, 
associated with albumen and gelatine ; when .dry, 
fibrin may be easily preserved ; but when moist, like 
albumen and gelatine, it soon begins to decompose. 
The composition of fibrin is almost identical with that 
of the albumen ; they conmst of the same elements^ 
united together in nearly the same proportions. Fi* 
brin. contains— 



Carbon . 5456^ 

Hydrogen . ... . . . 690 

Nitrogen . . . - . . .. . 1572 

Oxygen, with ^ 

Phosphorus and t , . , . 2282 

Sulphur 3 



10,000 

565*. Fibrin exists in the bodies of animals in two 
states ; solid, and in solution : in the former state, it 
occurs in muscle or flesh; in the latter state, in the 
blood ; the soluble fibrin of the blood, howerer, soon 
becomes insoluble after it has been taken from the 
body, and separates as a dot or coagulum. Blood 
consists of water holding in solution albumen, fibrin, 
a peculiar red coloring matter, fat, and various inor- 
ganic substances, including chlorides of sodium and 
potassium, carbonates^ sulphates, and phosphates of 
potash, soda, lime, and magnesia^ and also a portion 
of oxide of iron. 

19* 
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666. The^ blood which is sent ont from the heart 
through the arteries all over the body, diflfers slightly 
in chemical nature, from the blood which returna 
through the veins to the heart, undergoing an im* 
portant change in the course of its circulation : when 
blood leaves the heart, it is of a bright red color, and 
contains oxygen, which has been absorbed in the 
lungs ; when it returns to the heart,, it is blieick, and 
contains carbonic acid in place of oxygen (606). A 
pound of blood contains nearly two ounces of solid 
matter ; of this about ninety grains is inorganic, the 
rest organic. 

567« The fibrin, which exists in the arteries, is 
slightly different in chemical properties from that 
which is obtained from the veins. The latter ap- 
proaches very nearly in character to albumen, it 
liquefies under the influence of a warm solution of 
nitrate of potash, and forms a solution which is co- 
agulated by heat and metallic solutions. This kind 
of fibrin is almost identical with the fibrin of flesh« 
When i^brin is burnt, it leaves a light-colored ash, vary* 
ing in amount from one to two and a half per cent ; it 
consists chiefly of phosphates of lime and magneina* 

668. Casbinb is a substance which very closely re- 
sembles albumen, in its properties and composition ; 
it. is insoluble in pure water, but dissolves in dilute 
acid or alkaline liquids, in the latter far more per* 
fectly than in tbe former : it exists in milk, in which 
it is dissolved by a small quantity of alkali ; the ad- 
dition of acid to milk, by neutralizing the alkali, 
causes the separation of tha caseine as a curd. 
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569. Caseine differs from albumen in not being 
separated from its solations by boiling ; in chemical 
composition they are almost identical^ the only dif- 
ference . being that caseine contains no phosphorus* 
Caseine consists of — 

Carbon ...... 5496 

Hydrogen . . '. . . . 715 

Nitrogen » . w . . . 1580 

Oxygen 2173 

Sulphur . • . . . . 36 

10.000 

Caseine contains aboat one quarterper cent, of inor- 
ganic matter. 

670. Milk, like blood, consists principally of water 
holding organic matter in solution or suspension ; 
milk contains caseine, fatty matter, a peculiar kind 
of sugar, and small quantities of saline substances, 
particularly phosphate of lime and various alkaline 
salts. When milk is kept at a certain temperature, 
it soon begins to change, a portion of the caseine turn- 
ing into a kind of ferment, commences putrefaction ; 
this induces an imperfect fermentation of the sugar, 
and converts it into lactic acid, and this acid by com- 
bining with the alkali present in the milk, causes the 
coagulation or separation of tha rest of the caseine. 
Perfectly fresh milk !s always feebly alkaline; but it 
frequently happens that a small quantity of lactic 
' acid is formed almost as soon as it is exposed to the 
air, which combines with and neutralizes the alkali 
originally present in the milk; 
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571. The sugar of milk, when pare, cannot under* 
go the alcoholic fermentation ; but by certain means 
it may be modified and converted into grape sugar, 
which. can ferment. The Tartars, by causing milk 
to undergo the alcoholic fermentation, prepare an 
intoxicating drink which contains alcohoL 

572. An imperial gallon of fresh cow's milk^ con- 
tains about one pound seven ounces of solid matter. 
Of this five ounces are fat, nearly eight ounces case- 
ine, and about seven ounces sugar. The saline mat- 
ters present in the milk include about eighteen grains 
of common salt, and one hundred and sixty grains 
of phosphate of lime. 

573. Milk derives its opaque white appearance 
from the presence of innumerable minute globules of 
fatty matter, which are suspended throughout it ; it is, 
in fact, a natural emulsion, or a solution holding par- 
ticles of oil in suspension. 

574. Cream, or the lighter part of milk, consists 
principally of these minute globules, or drops of oil, 
separated from each other by the solution of caseine, 
&c., in which they float ; being lighter than water, 
they rise to the surface, when fresh milk is allowed 
to stand. The operation of churning consists merely 
in agitating the cream, under the influence of a mode- 
rate degree of warmth.; the particles of oil then 
unite and collect together in masses, forming butter. 

575. It is difficult to remove the whole of the 
caseine from butter, and its presence is highly objec- 
tionable from its great proneness to putrefy ; by care- 
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ful and complete washing the greater part may be 
removed. Salt is generally added, as its presence 
greatly checks the tendency of the caseine to change, 
«nd consequently helps to keep the butter sweet. 

576. In making butter there are two distinct meth- 
ods employed. The one consists in churning the 
entire milk, the other in churning the cream alone ; 
the latter is said to give the richest and finest butter, 
though]] the former is considered to give a larger 
yield. In either case a certain amount of incipient 
fermentation appears to be essential to the process of 
churning, and a moderate degree of warmth, as well 
AS the contact of atmospheric air, are necessary. 

577. The milk or cream intended to make into 
butter, is not used, perfectly fresh, but is always 
allowed to stand some little time, in order that it may 
pass into this state of incipient fermentation, and a 
small quantity of lactic acid may be formed. The 
same state may be immediately brought on by the 
addition of a little sour cream, which acts on the 
rest as a ferment. There is some danger in doing 
this, however, that the whole may pass into the pu- 
trid fermentation (S80). 

57S. In consequence of the extreme facility with 
which caseine undergoes decomposition, and the rapi- 
dity with which it passes into the state of putrid fer- 
mentatiofk, the utmost care and attention must always 
be paid to insure complete cleanliness in the dairy. 
The least taint of impurity in the vessels employed, 
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is suffioient to bring on ibis sort of feroaentatioDy and 
of course render tbe products useless. 

579, However well butter is made, and bowever 
tborougbly it bas been wasbed, it always retains a 
small portion of water and caseine ; and in conse- 
cj^aence of tbis it is apt to turn rancid and acquire a 
bad flavor. If butter be carefully melted, tbese im- 
purities will fall to tbe bottom, and may be sepa- 
rated ; but thougb butter so treated keeps better, yet 
it is always found that its flavor is sligbtly injured* 
Clarified butter may be kept sweet for weeks, and 
even montbs, witbout the addition of salt. 

£80. The yellow colQr of butter made in summer, 
is derived from the grass and plants on which cows 
feed. Winter butter is pale, or nearly colorless, 
and often has a tallowy appearance. Such butter is 
very frequently colored yellou^ by the addition of 
annotto, carrot-juioei or some other yellow coloring 
matter. These substances, though not unwholesome, 
can only be regarded as adulterations, and are de- 
cidedly objectionable. 

. 581. Tbe tendency of butter ^ to turn rancid is 
much diminished by the use of a small quantity of 
common salt. It must however, be remembered that, 
though the bad flavor of butter which is very slightly 
turned, may to some extent be covered or concealed 
by the addition of salt, yet that its rancidity is not 
thereby at all corrected or remedied. 

582. Cheese varies considerably in composition, 
according to the mode in which it is prepared.. When 
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made from fresh milk, cheese conststs of caseine and 
fatty matter; when made from skimmed milk, it con- 
tains little or no fat: in either case, during the press- 
ing and curing of the cheese, it undergoes a pecaliar 
kind of fermentation, which gives rise to several 
complicated chemical changes in its composition. 
Cheese is generally made from milk, hj the action of 
rennet, the lining membrane of the stomach of the 
calf, which has the property of causing the coagula- 
tion of the caseine. Cheese which contains butter, 
becomes soft and viscid when toasted; whilst that 
which contains none, becomes hard and shrivels up 
almost like horn. 

688. The curd of milk may be separated in a 
great variety of ways; any substance capable of 
entering into fermentation, and the greater number 
of acids, organic as well as inorganic, cause its 
coagulation. As the caseine of milk is held in solu* 
tion by a small quantity of alkali, which causes fresh 
milk always to give a slightly alkaline reaction to 
colored vegetable' test-papers ; so the addition of an 
acid, ot of any substance which by inducing fer- 
mentation can generate lactic acid, neutralises this 
alkali, and consequently precipitates the caseine. 

584. The most powerful of all the ferments which 
are thus able to cause this separation of the caseine, 
is rennet, which is in fact a membrane in a state of 
slow putrefaction. When a piece of this substance 
is put into milk, the temperature of which is then 
slowly raised to 120°, or thereabouts, a slight degree 
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of fermentation will be caused, and tbe casetne will 
be separated as a curd. 

585. The whey, as the residue of the milk is called, 
after the separation of the card, contains nearly all 
of the sugar ; nearly the whole of the fatty matter 
which it contained ia entangled and separated by the 
coagulation of the caseine. 

586. The variety of cheeses is very great, depend- 
ing upon a number of circumstances. One important 
distinction is caused by the state in which the fatty 
matter is associated with the caseine. In double 
Gloucester, for example, the oil and caseine are inti- 
mately mixed together ; whilst in Cheddar, the oil is 
not so thoroughly mixed with the caseine, but is 
chiefly collected into little drops or globules, ma^y 
of the little cavities in the cheese being, in fact^ filled • 
with oil. 

587. Stilton -cheese is made from entire milk, ta 
which an additional quantity of cream has been 
added; Parmesan is made from skimmed milk; and 
Cheshire cheese is made from fresh milk without any 
alteration whatever. The difference between single, 
and double Gloucester is caused by the fact, that the 
milk for the former is partially skimmed so as tO: 
remove about half the cream, whilst that for the 
latter is left entire. Cream cheese, properly speak- 
ing, is not really a cheese; it is rather cream, from 
which the watery parts have been allowed to drain. 

588. A very strong and high-flavored cheese is 
sometimes made, by allowing milk to become sour 
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spontaneously, and then collecting and pressing the 
curd thus formed. The color of cheese is very com- 
monly heightened by the use of annotto, or some 
Cither yellow dyestuff. In using these substances, 
care should always be taken to use only pure mate- 
rials. 

589. GrBLATiNE, the fourth great principle of ani- 
mal matter,, is a tough, colorless substance ; in cold 
water, it very slowly softens and dissolves ; in boil- 
ing water, it dissolves more readily, and forms a so- 
lution, which becomes a jelly as it cools. The skin, 
horns, and hoof^ of animals^ consist principally of 
hard, dry gelatine ; and it likewise.occurs in many of 
the softer parts of the body, associated with albumen. 

690. Common glue and isinglass consist almost 
wholly of gelatine ; the former is prepared by boil- 
ing the< clippings of skin, refuse horns, hoofs, and 
similar matters, in water ; a strong solution of gela- 
tine is thus obtained, which, as it cools, becomes a 
jelly, and is then termed, size ; this, when cut in 
slices,, and dried in the air, is the glue of the shops. 

591. Isinglass is the lining membrane of the swim- 
ming bladder of the sturgeon ; but inferior sorts of 
isinglass are obtained from other fishes. Grelatine 
is insoluble in spirit. In the dry state, it may be 
preserved unchange<I, for any length of time ; biit 
when moist, or dissolved in wat«r, it very soon begins 
to cTiangel it becomes mouldy, atid putrefies. Gela- 
tine consists of — 
20 
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Oarbon 5077 

Hydrogen 715 

Nitrogen . . . . . . 1832 

Oxygen with ^ 

Sulphnr and I 237G 

Pfaoiphoras ) 

10,000 



592. One of the most remarkable properties of 
this substance^ is its strong affinity for tannin ; when 
any astringent solution, which contains tannin, is 
added to a solution of gelatine, they combine together, 
and form an insoluble, elastic compound, which is re* 
markably stable, and does not putrefy or ferment* 
The skins of animals, which consist chiefly of gela- 
tine, are converted into leather, by tanning, or steep- 
ing them in solutions of tan. 

593. Gelatine is used as an article of food, as in 
the preparation of soups and jellies; by whitewashers 
and paper-makers in the form of size ; in the man- 
ufacture of glue ; and, as a fining material for clar- 
ifying wine, beer, &;c*, when they are turbid. This 
latter use is a purely mechanical one ; a jelly, com- 
monly called finings, is prepared by the action of 
very weak vinegar on isinglass, and a quantity of 
this is diffused through the liquid to be clarified ; it 
of^course precipitates any tannin which may be 
present, and as it subsides carries with it all the solid 
impurities which were previously suspended through- 
out the liquid, rendering it turbid. 

594. The fat of animals is perfectly similar in 
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nature to vegetable oil ; some kinds of fat are solid, 
others fluid, at common temperature ; but they all 
become fluid when made suflliciently hot ; ammal oils, 
like those of vegetable origin, contain no nitrogen — 
they consist of carbon, oxygen, and hydrogen, and 
when burnt form carbonic acid and water ; like ve- 
getable oils, also, they consist of margarine, stearine, 
and oleine, united to a peculiar base (518), and con- 
sequently they form soap when boiled with alkalies. . 

695. The bones of animals contain a very large 
proportion of earthy matters; and, indeed, derive 
their strength and solidity principally from the quan- 
tity of those substances which they contain. When 
bones are burnt, there remains, after the combustion 
of all the organic matter which they contain, about 
three quarters of their weight of earthy substances ; 
this is phosphate of lime, together with a small por- 
tion of carbonate of lime ; bones consist of phosphate 
and carbonate of lime, cemented together as it were 
with gelatine and a little albumen ; they also contain 
a small quantity of oil. Ivory and the teeth of ani- 
mals are composed of the same substances as 'bone. 
Hoofs and horn likewise contain phosphate and car- 
bonate of lime, but in far less quaoitity ; they consist 
principally of gelatine (589). 

596. The same remarkable similarity of chemical 
composition which is found amongst vegetable sub- 
stances, is likewise observed amongst those of animal 
origin ; the various proximate elements which consti- 
tute the bodies of animals, are, for the most part, 
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almost ideiitical in composition, and, like vegetable 
substances, they appear more or less convertible into 
each other. A very slight alteration in the relative 
proportion of the elements of which they consist, 
causes very great differences in their nature and pro- 
perties. As in consequence of the very peculiar 
nature of nitrogen, all substances which contain it 
are exceedingly liable to change, therefore all those 
forms of animal matter which contain any nitrogen, 
very soon pass into a state of flecomposition. 

597. On comparing together the various substances 
which constitute animal and vegetable matter, it is 
observed that lignin, gum, sugar, and starch, are all 
perfectly distinct in nature and properties from any 
of the substances usually found in the bodies of ani- 
mals : a remarkable similarity, however, exists be- 
tween the fibrin, albumen, legumine, and oily sub- 
stances o£ plants, and certain forms of animal matters. 

598. The albumen, fibrin, and legumine of plants 
closely resemble the albumen and fibrin of animals ; 
indeed, some of the varieties of these substances may 
be said to be absolutely identical ; they consist of 
the same elements, and possess the same properties: 
thus, for example, there is no ohetnical difference be- 
tween that variety of albumen which exists in peas, 
beans, > and other leguminous seeds, which is called 
legumine, and that form of albumen which is found in 
milk, cheese, &c, and called caseine (347, 569). 

599. When albumen, fibrin, or caseine, are acted 
on by a solution of potash or soda, they soon dissolve, 



P&OTBIK. 2S8 

forming a clear solution ; and if an acid is added to 
this, 80 as to neutralize the alkali, a precipitate falls, 
which is precisd J the same from whichever of these 
three substances it is obtained ; to this precipitate the 
name of protein is given. Protein consists of oxygen, 
hydrogen, carbon, and nitrogen, like the substances 
from which it is obtained ; but it contains no sulphur 
or phosphorus, whilst they always contain a small 
quantity. 

600. The knowledge of this fact, thai the fibrin 
and albumen, &c., of plants, are identical in compo- 
sition with some of the most common forms of animal 
matter, throws great light on the nutrition of animals. 
It shows that the gluten and albumen of plants used 
as food, may immediately enter into the system of 
the animal; whilst gum, starch, sugar, &c., must 
undergo a change, before they can constitute a part 
of the body of an animal. 

601. It has already been stated that vegetable 
and animal oils consist of the same three elements ; 
many of these oils contain precisely the same pro* 
portions of carbon, oxygen, and hydrogen: hence 
by some chemists it has been supposed, that the oil 
which exists in those vegetables used as food, might 
contribute directly to the formation of fat, without 
undergoing any change ; though, on the other hand, 
many facts might be quoted to show that this view 
is improbable'; and that the fat of animals is formed 
from starchy gum, and sugar, by a kind of fermenta- 

20* 
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tion in the animal systeia ; and that the fatty matters 
of the food are not directly appropriated by the ani- 
mals ^hich feed on them. 

602. Bearing in mind, then, that the >6trength of 
man and animals depends liiainly on muscle, and 
that the formation of muscle is greatly dependent on 
the amount of organic subject containing nitrogen in 
their food, it becomes a matter of the first importance 
to study the mode of increasing the quantity of these 
matters in food. 

603. Some animals feed entirely on vegetable , 
food ; others feed entirely, or in part, on flesh : in 
either case they derive their nitrogen, or- the sub- 
stances containing it, from plants. Animals do not 
appear to have any power of absorbing nitrogen from 
the air; all the albumen, fibrin, &c., which .they con* 
tain, is therefore either directly or indirectly obtained 
from plants. 

604. The most important of the chemical functions 
,of animal life may be classed under the two great 
heads of nutrition and respiration ; and, consequently, 
food also may be divided into those kinds which con- 
tribute to the one or other of these two objects. 
The changes which ordinary food undergoes in pass- 
ing through the stomach of an animal, are briefly 
these : mechanical division, effected by chewing, &c.; 
chemical division or digestion, effected in the stomach ; 
chemical transformation, conversion of starch, &c^, 
into animal matters ; absorption of azotized matters 
identical in composition with animal matters, and 
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'vrhich are passed directly Into the blood ; and lastly, 
separation of useless matters as excrementitious. 

60^. The chemical office of food is^ to supply to 
the body albumen and ,fibrin, the elements of blood ; 
in order to counterbalance the waste continually going 
on in the system, by the constant addition of all 
those matters which enter into its composition ; and 
secondly, to contribute to the formation of animal 
matter/ by the transformation of starch and other 
substances of vegetable origin. 

606. Respiration has already been described (107) 
as being, chemically speaking, a mere process of com<- 
bustion,.in which carbon and hydrogen are burned at 
the expense of the oxygen of the air ; this process 
of combustion is carried on through the medium of 
the blood, and goes on in all parts, of the body. In 
the lungs, the blood is exposed to the contact of a 
quantity of atmospheric air ; oxygen is absorbed, 
and carbonic acid given off; the blood thus charged 
with free oxygen i£l sent, by the action of the heart, 
to all parts of the body, in the innumerable minute 
bloodvessels which terminate the arteries ; carbon and 
a portion of hydrogen are taken up, and the oxygen^ 
which leaves the heart free, returns to it through 
the veins, converted into carbonic acid and water ; the 
former is at last given off from the blood, and expired 
from the lungs, previous to the absorption of a new 
quantity of fresh oxygen from the air. 

607. Two great objects are effected by the circula* 
tion of the blood : the one is the removal of carbon 
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and hydrogen, by means of free oxygen, whieh, by 
combining with those elements, produces heat, and 
keeps the body at a uniform temperatare ; the other 
is the addition of new matter^ to replace that which 
is removed. The digested food, or chyme, as it is 
ealled, on passing fram the stomach into the smaller 
intestines, becomes mingled with a portion of bile, a 
secretion of the liver, consisting of soda and a pecu* 
liar fatty acid. In passing through the smaller in- 
testines, the chyme is separated into two portions-— 
one containing the elements of blood, called chyle, 
which is absorbed and carried into the blood, the 
other containing rejected matters, which are passed 
from the system as excrementitious. 

608. The true nature of the change produced in 
food, by the action of the gastric juice in the stomach 
of an animal, is by no means satisfactorily under- 
stood. This remarkable secretion contains a notable 
quantity of free muriatic acid, and possesses great 
powers of reducing organic matters to a state of so- 
lution ; especially, when aided by the temperature of 
the body. 

609. The excess of fluid taken into the system 
with the food, is conveyed away from the body 
through the medium of the kidneys, as urine ; a 
secretion which also contains the rejected azotized 
matters of the blood, in the form of two peculiar sub- 
stances, to which the names of urea and uric acid 
have) been given ; these substances consist of carbon, 
oxygen, hydrogen, and nitrogen, and are rery prone 
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to decompose, especially ^hen mixed with other forms 
of organic matter. 

610. Urea has been made artificially, by chemical 
means, bat uric acid has not yet been so obtained : 
its only source is the animal system. When urine is 
kept in a moderately warm temperature^ it soon be- 
gins to decompose ; when fresh, it is generally slight- 
ly acid, bat after a short time, it becomes alkaline 
from the decomposition of urea, and formation of 
ammonia. The half solid urine of birds and serpents 
contains a large quantity of uric acid, in combination 
with ammonia. Guano, the , decomposed excrement 
of sea4bwl, likewise contains a considerable portion 
of this salt. . 

611. It is evident that food of all kinds may be 
classed under two great divisions ; according as it 
yields the elements of flesh, or contains substances 
capable of being at once transferred to the blood| 
and so carried to all parts of the body; or as it 
merely contains substances capable of undergoing 
transformations, or of supplying the waste caused by 
respiration. 

612. The quantity of food required by an animal 
for either of these objects, varies greatly, and de* 
pends entirely on circumstances: when the waste 
going on in the system is great, a large supply of 
blood-making food, that which is rich in the elements 
of nutrition, will be required* When, however, the 
body is exposed to cold, or to violent exercise, the 
loss must be met by a proportionate increase in food 
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rich in the elements of respiration. It happens^ 
however, that the food of animab, for the most part, 
ia rich in both forms of nutriment. 

613. A large accnmnlation of fat in an animal can 
never be considered as healthj ; bnt, on the other 
hand, leanness or the absence of fat is also nnhealthy, 
because, if at any time exposed to cold, hunger, or 
violent exercise, the tissues of the body itself vrill be 
consumed and converted into elements of respiration, 
whilst in an animal supplied with a reasonable pro- 
portion of fat, the latter will be consumed first, before 
the tissues of the body will be thus acted on. 

614. Some animak fatten far more easily than 
others do ; this depends partly on their general con- 
struction, and partly on the circumstances to which 
they are exposed — ^such as temperature, abundance 
and kind of food, exercise, &c. In man, too, the 
greater or less activity of the mind exerts a very 
remarkable influence on all the functions of the body; 
and, therefore, amongst others, on the formation of 
fat. 

615. Setting aside individual peculiarities of pon- 
struetion, the size of the lungs, &c., the circumstances 
most favorable to the formation and secretion of fat, 
are warmth, little exercise, abundance of food, and 
the absence of all worry and irritation. Under these 
circumstances, an animal is supplied with as much of 
the elements of flesh as suffices to keep up the healthy 
state of all the tissues of the body ; having an excess 
of the elements of respiration, there is a natural 
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tendency to store up fat, which is that form of mat- 
ter which accuiiiulates in animals, as a provision 
against futare demands, jast as plants form and store 
ap starch. Hence the effect of stall-feeding, upon 
cattle. 

616. In cold climates a larger quantity of the ele- 
ments of respiration are required, or the tissues of 
the body will begin to suffer. In carnivorous animals 
there is always more or less of this waste of the body 
going on, and hence the demand for azotized food. 
In the case of herbivorous animals, or those which 
feed wholly on vegetables, there is very little of this 
waste. In cold countries a larger quantity of food is 
required, and can be digested, than ix\ hot ones. A 
greater quantity of the elements of respiration is 
needed to generate the proper amount of heat ; and 
at the same time, as the air is much colder, and 
therefore more condensed, a larger quantity of 
oxygen is taken in at the lungs by each inspiration 
(62,107). 

617^ The art of cookery, or the preparation of 
food, is a very important one, and has been yet 
only partially brought into a systematic and inteK 
ligiblo form. A great many of the processes of 'the 
cook can be explained and regulated on known che- 
mical principles ; but, at the same time, there are 
also many which appear to depend on facts not hith-» 
erto recognized or explfliined. 

618. The object of c6okery is to render digestible 
and palatable the Various substances used as food ; 
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many of which, withont sach preparation, would he 
wholly indigestible and useless. The chief agents 
employed are heat and moisture. The real object of 
the cook should be to render wholesome food digest- 
ible and palatable, and not, as is too often the 
case, to render unwholesome things agreeable :to the 
palate. 

619. In boiling meat two things are effected. It 
is exposed to a heat of 212^, and, as far as it is in 
contact with the water, the soluble substances which 
it contains are extracted. These are, in fact, very 
different operations, though they are commonly con- 
founded together. 

. 620. The albumen of flesh, which is to a consider- 
able extent in a fluid state, is coagulated and brought 
into the solid form by exposure to ^a heat of boiliQg 
water; albumen begins to coagulate at a temperature 
of 168^v Now, when meat is plunged into boiling 
water, the albumen in the outer parts is immediately 
rendered hard and insoluble, and the passage of heat 
to the inner parts of the meat proceeds very slowly. 
If, therefore, the joint is of any size, the inside will 
nojb be thoroughly boiled, until the whole has been 
boiled so long that the outside is quite overdone. 

621. In. order to boil me.at well, ii should be put 
into cold water, and then gradually heated up to the 
boiling point; a slow and gradual application of heat 
is that best fitted. to render meat tender and digest- 
ible. The time of boiling must, however, of course 
depend on the size of the joint to be cooked. Meat 
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should nev^r be boiled rapidly, not only for the reason 
just given, but also because, when the water boils 
strongly, the steam carries off a large portion of the 
volatile matters of the meat, and so renders it less 
savory and palatable. The best effect is produced by 
only allowing the water to simmer or boil very gently. 
In a large kitchen, boiling by steam is better, more 
manageable, and more economical, than with an open 
fire. 

622. The gelatine of flesh, on the other hand, is 
softened by the action of the hot water; it is chiefly 
in a solid form, and softens and gradually dissolves 
in the heated water. In steaming, by the long-con- 
tinued action of a gentle heat, the whole of the 
gelatine is softened and brought into an easily 
digestible condition. 

623. When meat is made into soup, if simply sim- 
mered in water, the gelatine only will be dissolved. 
The fat either remains entangled in the fibre of the 
meat, or melts and rises to the surface of the water. 
By adding vegetables, or any substance containing 
starch, which acts as a thickener, a sort of emulsion 
is formed, and a large quantity of the oil remains 
divided and suspended throughout the soup, much in 
the same way that the oil or butter is naturally dif- 
fused in milk (573). 

624. Generally speaking, gelatine is more easily 
digested than albumen, though the latter is the more 
nutritious. It is a mistake to suppose that the jelly 
of meat is the most nutritious part of it ; the value 

21 
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of gelatine as a part of food is commonly overrated. 
Its value consists chiefly in its being easily soluble, 
and therefore more readily digestible, than albumen 
or fibre. 

625. In boiling vegetables, very similar results are 
produced ; the solid parts are softened and rendered 
more soluble, whilst the albumen is coagulated. It 
should always be borne in mind, that there is nothing 
gained by heating the watei^ very strongly so as to 
make it boil rapidly ; but, on the contrary, it is 
highly objectionable. Water which simmers, is very 
neatly quite as hot as that which boils rapidly, and 
does not carry off so much of the volatile principles 
of the food. 

626. When it is desired to soften and dissolve food 
as much as possible, pure soft water is best ; but 
when it is designed only to soften, but not dissolve 
it, hard water i^ preferable! In general, the solvent 
powers of hard water are much less than those of 
soft water. For this reason, pure soft water is best 
for making soup, whilst hard water is best for boiling 
joints of meat. Salt is constantly added ta the 
water used for cooking ; this diminishes its solvent 
powers, rendering it harder, and therefore better 
fitted for those operations which are intended to 
soften the food, but not dissolve it. 

627. In roasting meat, the chemical changes pro- 
duced arc not very dissimilar frotn those effected by 
boiling. A good deal depends on the management 
of the fire ; if it is too hot at first, the outside of the 
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ibeat will he scorched and burnt before tbc inside is 
properly warmed. By the use of the spit, or by 
otherwise causing the turning of the joint, the action 
of the fire is rendered more slow and gradual ; and 
by basting, or continually pouring the gravy which 
drips from the roasting meat, over it «gain and 
again, the evil effects of too much heat on the out- 
side are guarded against. 

628» The effect of. roasting meat, is to harden the 
albumen; whilst the gelatine is liquefied, and the 
fibre becomes softened and rendered easily digestible. 
If meat is over-roasted, so that it becomes dried up, 
more barm than good is done ; because, when the 
heat has driven off the natural juices of the meat, 
its continued action, instead of softening -it nnore, 
renders it h&rd and less soluble, and therefore less 
digestible. 

629. Fat, taken in conjunction with other sub- 
stances, is a valuable part of food, provided it enters 
the stomach in a proper atate. Fat should always 
be divided and mixed up with other substances, so 
that the mere application of heat may not at once 
cause its separation. The oil in seeds is so divided 
by the starch and other matters with whioh it is 
associated, that it is wholly 4ig6s^ible; ground up 
with water, oil seeds furnish an emulsion resembling 
milk. 

630. The oil used in cookery should, as far as 
possible, be brought into this state ; if it is permitted 
to come into, the greasy state, it is not only far less 
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digestible itself, but likewise produces a similar effect 
on the substances with which it is mixed. These 
two conditions may be well observed, on comparing 
together good melted butter, with that which had 
been allowed to *' oil.'' 

631. Common salt is a necessary ingredient of all 
good food. Its use in the preparation of food is evi- 
dent from the preceding remarks ; it is also valuable 
in its preservation, acting as an antiseptic, and -pre- 
venting it from undergoing fermentation or change. 
Salt is further important as aiding digestion, to which 
both the soda and muriatic acid it contains are ne- 
cessary (608). 

632. The effects of various condiments and spices 
on the appetite are very remarkable; stimulating it, 
and sometimes in a very beneficial manner. The prin- 
ciples upon which these substances act is very ill un- 
derstood, and cannot be satisfactorily explained by 
reference to ordinary chemical facts ; indeed, it can 
hardly be otherwise, till the chemistry of digestion is 
more fully understood. 

633. The phenomena of digestion in some respects 
resemble those of fermentation. The substances used 
as food, are for the most part all very liable to 
undergo fermentation ; and the nature of the change 
thus brought about depends^ wholly upon circum- 
stances. Any derangement in the process of diges- 
tion, may permit some other change to commence, 
and^ the system must then be immediately thrown 
out of order. A very great number of diseases may, 



ACTION OF MEDICINB8. 245 

either directly or indirectly, be traced to some dis- 
turbance in the functions of digestion. 

684. Very little is kn$>vm respecting the mode in 
which medicines act, or the efltects which they pro- 
duce when taken into the stomachs The influence of 
some substances may, to a certain extent at least, be 
explained, such, for example, as dilute sulphuric acid, 
which it is evident must react upon any common 
salt it meets with, generating muriatic acid and sul- 
phate, of soda. Again, the manner in which one form 
of indigestion, arising from the incipient fermentation 
of food, is arrested by certain volatile oils, or by 
saline draughts charged with carbonic acid, mity be 
explained; but the mode in which bark, opium, 
and indeed nearly all other drugs act, is quite 
unknown. 

635. It is true that chemists hiive ascertained that 
these substances derive their -active powers from the 
presence of minute^ quantities of various peculiar prin- 
ciples which they contain. These substances have 
been separated, analyzed, examined, and. named; but 
the knowledge thus obtained has not thrown much 
light upon the real mode in which they act. It has 
merely shown the nature of the active agent, but 
neither the way in which it acts, nor the principle 
(Upon which its activity depends (513). 
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CHAPTER VII. 

THE FOOD OF PLANTS — ITS NATURE AND SOtJRCBS. 

6S6. Having shortly described the elements of 
Tegetable matter, and enumerated the principal com- 
potmds of those elements which are found in plants, 
we may. at once proceed to consider the sources of 
the food of plants ; that is to say, the means natu- 
rally provided to insure them a due supply of the 
various substances necessary to their growth ; namely, 
oxygen, hydrogen, carbon,. nitrogen, and the various 
earthy and saline substances which are always found 
in plants. 

637. There are only two sources whence it is pos- 
sible for plants to derive these matters; namely, the 
air and the soil } let us inquire what substances they 
can obtain in this manner, and how they avail them- 
selves of the food thus offered to them. . 

638. It has been already stated, that the air. at 
all times contains a small quantity of carbonic acid 
gas (37); it likewise always contains a still more 
minute proportion of ammonia, which is constantly 
being formed by decay. Here, then, we see that the 
air contains the four elements of organic matter; aud 
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when, in addition to these faets, vc remeinber that 
the air is always more or less damp, it ia easy to 
understand thiCt plants can derive from the air, alone, 
the greater part of the substances which they require 
(41,160). 

689, Although the air centains so large a propor- 
tion of oxygen, and although that substance is in « 
free state, that is to say, not combined with any 
element, but ready to combine with any substance 
for which it has aa affinity^ yet it does not seem that 
plants derive the oxygen which they contain directly 
from the air. 

640. In the same way, there is no evidence to show 
that they are able to absorb nitrogen from the air. 
It might have been supposed that plants would obtain 
the nitrogen which they require, directly from the 
air, which contains nearly fourrfifths of that gas ; but 
there is very good reason to believe that this is not 
the case, and that plants can only obtain nitrogen, 
or assimilate it, as chemists say, by absorbing it in 
combination with some other substan<ie. 

641. What has jtist been said with regard to oxy- 
gen and nitrogen, is equally applicable to carbon and 
hydrogen : the former is a solid substance, and there* 
fore, as one might rightly conclude, plants cannot 
libsorb it in the separate state ; when combined with 
oxygen in the form of carbonic acid gas, and possibly 
also when in the form of oarburetted hydrogen (181), 
it can be absorbed by plants/ Hydrogen has never 
been found in the air, except in a state of combina-' 
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tion ; the commonest compoundU of hydrogeD, and 
indeed almost the onlj ones from which plants could 
obtain that element, are water and ammonia. It 
maj be laid down as a mle, that plants can onlj 
absorb oxygen, hydrogen, carbon, and nitrogen, in a 
state of combination, and moreover that those com- 
pounds, to be absorbed, must be either fluid or gas- 
eous. 

642. The soil consists of silica, alumina, lime, mi^g- 
nesia, oxide of iron, small quantities o{ varioua 

^ alkaline and earthy salts, and a portion of decaying 
organic matter. It likewise contains water, and the 
small quantity of ammonia and carbonic acid which 
the rain has brought down from the air. Plants 
cannot derive the elements of organic matter from 
the earthy constituents of the soil, or from the or- 
gamc matter which it may contain, unless, there is 
air present; by the action of air these substances 
decay, and are gradually changed into ^ases, which 
plants can absorb. 

643. It is commonly supposed that plants derive 
the whole of their food from the soil; but this is an 
error: it is a fact well ascertained by chemical ex- 
periments, that plants derive the greater part of their 
nourishment from the air, although the soil is equally 
essential to their growth. 

644. The earthy substances contained in plants are 
principally obtained from the soil: it is true that the 
air .contains exceedingly minute traces of various 
earthy and saline substances, which are suspended in 
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it in the form of 4nst, and earried about by the 
winds ; bat the quantity which plants can derive from 
this source is comparatively smalL The air near the 
sea-shore^ and even to a great distance inland, is 
frequently loaded with saline particles derived from 
the sea : after a storm at sea a quantity of salts thus 
suspended in the air is very considerable. 

645. The fact that some solid substances can be 
thus carried along in the air in a .state of very fine 
powder is important, and well worthy of being re« 
membered, as it explains many apparently mysteri- 
ous phenomena. It is exceedingly difficult to detect 
the very minute quantity of solid matter contained 
in the air, but there is no doubt that it often does 
exist, although we are fiot aware of its presence. 
. 646. Setting aside the small Quantity of earthy 
matters which plants may derive from the air, it is 
evident that the great source of the lime, potash, and 
other similar substances contained in plants can only 
be the soil : hence, the chemical composition of the 
soil must exert great influence on the plants which 
.are cultivated in it* 

647. The soil or earth is essential to the growth 
of plants in several distinct ways. It enables them 
to fix themselves firmly, as, fron; its open porous na- 
ture^ it allows the roots to extend in various directions, 
and obtain a secure hold, so that the plant can grow 
erect into the air, without danger of being blown 
ajfay by the winds. The soil likewise supplies them 
with substances essential to their growth; such aa 
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carbonic acid and aiqmoma, either generated by the 
decay of Bubstances which the Boil naturally con- 
tains or absorbed from the air, and also yields them 
the earthy and alkaline salts which they req^uire. 
. 648. As may be supposed, the soil is very varia))le 
in composition ; its nature is generally a good deal 
dependent on the subsoil and stotiy matters which 
are buried beneath the surface, many of which are 
slowly decomposing or crumbling away, and adding 
to the soil the substances of which they consisted. 

649. The origin of all soils appears to be the dis- 
integration or gradual crumbling dpwn of rocks, 
from the action of frost, and various chemical and 
mechanical agents ; and^ therefore, all soils .contain 
innumerable little fragments of different rocks, 
which are slowly but constatitly becoming smaller, 
as the chemical combinations of which they -consist 
are broken up and destroyed. 

650. This gradual decomposition of stony particles 
in the soil i& caused by the action of the air. Many 
of the common rocks are compounds of several dif- 
ferent earthy and alkaline substances, in which silica, 
united to lime, alumina, potash, and soda, forms sili- 
cates of thpse or similar bases (267)* 

. 651. Silicates of this ^kind, or natural compounds 
containing silica in combination with several earthy 
and alkaline bases, are quite insoluble in, water, and 
are scarcely acted on, even by the strpngest acids ; 
nevertheless, they gradually decompose when ex- 
posed to the air« Under the joint action of the moist* 
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ure and carbonic acid in the air, these compounds 
are disintegrated, carbonate of potash or soda is 
formed, and in part Tsrashed away by the rain, whilst 
the insoluble earthy bases are left, in the form of a 
very fine powder. 

652. The most abundant constituent of soil is com- 
monly silica, which frequently forms nearly nine- 
tenths of the whole of its weight ; but this is by no 
means always the case, for in calcareous or limestone 
countries, we frequently find soils containing a very 
large quantity of lime ; whilst others, again, contain 
a large proportion of alumina. These differences in 
the proportion of the earthy components of the soil, 

' give rise to the varieties of light or free, and stiff or 
clayey soils, which are also modified by the presence 
of a greater or less quantity of organic substances. 

653. Silica and alumina, which are generally the 
two principal constituents of soils, differ very greatly 
in their respective uses. The former is of import-* 
ance, both chemically and mechanically. Chemically, 
as forming a soluble compound with alkali, and thus 
being absorbed by the roots of plants, and confer- 
ring strength and stability to their structures; and 
mechanically, by diminishing the extreme closeness 
and tenacity of alumina, and thus, by making the 
soil more porous and open, allowing the passage of 
air "and water through it, and enabling the roots of 
plants more easily to penetrate it than they could 
were it wholly composed of alumina. 

664. On the other hand, the use of alumina is 
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principally mjechanical, tending . to keep the soil 
moist, from its attraction for water, and likewise 
being highly useful in absorbing ammonia, both from 
the air and from all decaying substances evolving it 
in the vicinity, by virtue of that property which 
many porous substances, and more especially char- 
coal, possess, of absorbing or condensing that gas 
(162) ; which, as we shall shortly show, is of gret^t 
importance in the growth of plants. 

655. Soils differ greatly in their 'mechanical as 
well as in their chemical nature. The same sub'^ 
stances constitute a soil possessing very different pro- 
perties, according as they are in the form of little 
grains like sand^ or in very fine powder. This state 
of mechanical division is of great importance for 
several reasons, and most particularly in relation 
to. water. A soil containing a large quantity of 
alumina is generally known by its stiff, tenacious 
character, and is remarkable for its great retentive 
power for water ; whilst those consisting principally 
of silica, and more especially those in which it exists 
in the form of sand, are generally light and porous 
soils, and far less retentive of wa^r. 

656. Again, a soil containing tilkaiine silicates in 
the form of little grains, always contains free alkaline 
matter in a soluble state, set free by the decomposi- 
tion of those silicates, and this separation of alkaline 
matter continues so long as there is any of the solid 
silicates left ; this effect would ceaite in a short time 
if all the silicates were very finely powdered ; they 
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'wovld soon undergo decotnposition, and the whole of 
the alkaline salta wou\d then be washed out by the 
rain (661).. 

€57. The best soils are those in which the earthy 
constituents are so proportioned that the light, 
porous qualities of the one are balanced by the close^ 
retentive properties of the others ;- for they are then 
most uniformly suitable to vegetation. , 

658. The silica and alumina in soils are of course 
almost wholly free and uncombined with any acid, as 
the former is not a base, and the latter has hardly 
any afiSnity for the weaker acids, such as the carbonic. 
Small quantities of silica are almost always found in 
soils, combined with either soda or potash, forming 
those curious compounds before alluded to, in which 
the siliea seems to play the part of an acid (259) ; 
soils never contain more than a very small quantity 
of these substances; but it is evident that plants, 
such «s grasses, which contain silica, must obtain it 
from the soil in a soluble form, by gradually absorb- 
ing it in cbmbination with alkali, dissolved in water. 
. 659. Silica also exists in soils in combination with 
several bases together, such as lime, potash, soda, 
magnesia, and alumina, constituting the natural 
rocky silicates just spoken of ; the nature and com- 
position of these compounds, as ^ell as their tend- 
ency to decompose, varies considerably in different 
soils. 

660. Lime and magnesia, both of which have a 
powerful affinity for acids, are never present in the 
22 
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soil except in combination with some acid, and this 
is most commonly the carbonic; the former substance 
is also not unfrequently found combined with snl* 
phnrio acid, constituting gypsum, or sulphate of lime 
(287)- 

661. The oxides of iron in the^ soil are usually 
nncombined, as they have not sufficient attraction for 
carbonic acid to combine with that gas, which is 
always present in the air. They in great measure 
occasion the yariations of color observed among 
soils; for according as the iron is in a state of prot- 
oxide or peroxide, it gives to the soil a black or 
brownish-red color. 

662. It must not be supposed, however, that the 
color of soils is wholly dependent on the iron which 
they contain, or that the blackness of any particular 
soil is indicative of the presence of oxide of iron. 
The decomposing vegetable substances, which tA\ 
soils contain in greater or less quantity, are usually 
of a brown or black color, and therefore not unfre- 
quently give a very dark color to a soil which only 
contains a very small portion of oxide of iron. 

663. Sulphate of iron is also sometimes present in 
soils in very small quantity, being formed by the 
gradual oxidation of splphuret of iron in the manner 
previously mentioned (286). A very minute quantity 
of this salt of iron confers upon the soil peculiar 
properties, which render it appropriate for particular 
plants; but a slight increase of its amount is at- 
tended with bad results, for, unless in very minute 
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qtiiintity, it is poisonous to plants ; and hence such 
soils as contain much sulphate of iron are invariably 
barren, or incapable of supporting healthy vegeta- 
tion. 

664. The saline matters in the soil are principally 
the sulphates, muriates, nitrates, and phosphates of 
the alkaline and^- earthy bases. The nature and 
quantity of these substances vary considerably, but 
they nevef constitute more than a very small portion 
of the soil ; their influence upon vegetation is, how- 
ever, considerable, for certam plants seem to require 
particular saline substances, and do not grow well in 
soils not containing them. 

665. Thus all kinds of grass and com contain silica 
and phosphoric acid ; the former substance requires 
the pre8(ince of an alkali, either potash or soda, to 
render it soluble, and to enable it to enter the roots 
when it is dissolved in water ; whilst the latter is also 
always associated with a base, which is usually either 
lime or magnesia. In the same way, all plants are 
found to contain small quantities of similar saline and 
earthy matters. 

666. The relative proportion of the difierent ingre- 
dients of soils vary very greatly. The chief consti- 
tuent of nearly all soils is generally silica, in the 
form of sand ; and in fact there are comparatively 
but few good fertile Boils in which this is not the 
case. The sandy matter of most sUicious soils con- 
sists of nearly pure silica, but in some cases it con- 
tains alumina, lime^ &;c. (625). The following ana- 
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lysed, taken from Sprengel's book on the composition 
of soils, will serve as examples of the general nature 
of ordinary soils ; they are examples ^ taken from 
lands in the north of Germany. 

Silica and fine Sand . . . 94,998 92,980 96,721 

Alumina • . . . • 610 820 370 

Oxides of Iron .... 1.080 1,666 480 

Oxide of Manganese . . . 268 188 . trace 

Lime, chiefly combined with Silica 141 748 5 

Magnesia ..... 208 168 80 

Potash 56 65 trace 

Soda ....... 44 130 36 

Phosphorio Acid .... 80 246 trace 

Sulpharic Acid . . . .41 trace trace 

Chlorine (in common Salt) . . 4 trace 58 

HumicAcid;. .... 400 764 800 

Humus, containing Nitrogen .' 2,070 2,225 1,450 

100,000 100,000 100,000 

667. The nature and quantity of the organic stih- 
stances in the soil have great influence upon it» 
character and fertility. They act in several ways. 
By slowly decaying, they present a constant source 
of carbonic acid,, and likewise of ammonia, if they 
contain nitrogen ; whilst, by rendering the soil open 
and porous^ and at the same time augmenting its ab<* 
sorbent powers, they assist in keeping it uniformly 
moist. They also increase the means which the soil 
possesses of absorbing and condensing ammonia and 
carbonic acid from the air. 

668. It is a remarkable fact, that a mixture of two 
or three earths, such as limCi silica^ and alumina, ig 
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better fitted to absorb moisture and gaseous matter^ 
than either of the earths taken singly ; and in the 
same way, the addition of organic matters to the soil 
has the effect of increasing this power still fiirther ; 
andy therefore, as was before said, the best soils are 
those containing a quantity of each of the three 
earths, mixed with a moderate proportion of decaying 
organic matters. 

669c Some soils contain a very large quantity of 
organic substances, and indeed not unfrequently con- 
sist almpst wholly of the remains of vegetables: the 
different varieties of peat are of this character. In 
such soils we observe th^ bad effects of the presence 
of too much organic matter in a soil. It is thus 
rendered tough, porous, and cTpongy, so that it is 
soon saturated with water, or completely dried, by 
changes of weather. Besides all this, it freqp:ently 
contains a peculiar acid^ produced during the decay 
of vegetable matter, which is hurtful to the growth 
of plants. , 

• 670. Another us^ of the organic constituents of 
the soil is, that they furnish to the plants growing on 
it the saline substances which they naturally con- 
tain ; and which not being subject to decay are gradu- 
ally washed out by the rains during the decomposition 
of the organic substances, and are ready to be nb- 
sorbed by the roots of growing plants. 

671. The decay of the vegetable remains in the 
soil, never proceeds so far that the whole of the ele- 
ments which they contain are converted into carbonic 
22* 
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acid and water. The first change which they under* 
go, when exposed to air and moisture in drcuni* 
stanced favorable to decay, is a diminution of the 
quantity of oxygen and hydrogen, and likewise, 
though in a smaller relative proportion, of the carbon 
which they contain. 

67 2« The result of this is a change of color some^ 
what similar to that produced by slightly burning or 
singing them by heat: they become more or less 
brown, according to the degree - to which this change 
has proceeded. Whilst in- this state, they constitute 
what is called HUMXJS, the name by which chemists . 
distinguish all kinds of vegetable matter when in a 
state of decay, and more especially woody fibre, which 
indeed usually constitutes a very large proportion of 
the bulk of plants. 

673. This process of decomposition proceeds slowly" 
for a considerable time, the relative proportion, of 
die oxygen and hydrogen to the carbon gradually 
decreasing, carbonic acid and water being all the 
time formed, until, at last, the humus, consisting of 
carbon with only fk small proportion of oxygen and 
hydrogen, ceases to undergo any further change ; it 
then is termed mould by chemists. 

674. In. order to underatand this process, which is ^ 
one of great importance in connection with the growth 
of plants, it must be remembered that woody fibr^ 
and most vegetable substances consist of carbon, oxy- 
gen, aild hydrogen. Though the elements of these 
substance^ are united together in nearly ^ the proper* 
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tious to form c&rbon and watef, we must nevertheless 
clearly understand that they are not composed of car- 
bon and water, but that they are distinct compounds 
of the three elements ; and therefore, of course, that 
the water produced during their decay is not merely 
set at liberty by a process of decota position, but is 
formed by the hydrogen which is given t)ff during 
decay, entering into combrnation with oxygen. 

675. When woody fibre and similar vegetable sub- 
stances are exposed to air and moisture, they decay; 
the chemical affinity which binds their- elements to^ 
gether seems to be weakened, and the elements 
acquire a tendency to form new and more simple 
combinations. The p^yg^n and a portion of the 
carbon unite and constitute carbonic acid ; whilst a 
portion of the hydrogen combining with oxygen from 
the air, gives rise to the formation of water. 

676. This explains the use of air in facilitating the 
decay of these substances; for it is evident that if 
free oxygen be required' to combine with the hydro- 
gen-, this^ process caiinbt go on without a constant 
supply of fresh air. Thje rapidity of the decay of 
vegetable matters in the soil, therefore, depends 
greatly on the porosity or closeness of the soil, per- 
mitting a more or less perfect action of air. 

677. In soils containing a large proportion of clay 
or alumina, the decay of vegetable matter or humus 
proceeds very slowly, because the close, dense nature 
of the soil greatly retards the free access of air; 
though in other respects, such soils are decidedly 
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favorable to decay, inasmuch as they remain long 
moist, and a certain degree of moisture is essential to 
decay. 

678» It is necessary to acquire a dear conception 
of the nature of what is called humus, and the office 
which it performs in the nutrition of plants. It was 
formerly supposed that plants derired their carbon 
from the organic matter of the soil, that the brown 
decaying substances called humus were directly ab- 
sorbed by plants, and their carbon appropriated : it 
is now known that this is not the case. The real use 
of humus is, that it constantly generates carbonic 
acid. 

679. When water is poured on humus or decaying 
.vegetable matter, very little of it is dissolved, and the 
water acquires a pale yellow color: if, however, the 
water contains potash or soda, either caustic or in 
the state of carbonate, it dissolves far more humus, 
and acquires a deep brown color ; the cause of this 
is, that the alkalies facilitate the decay of that sub- 
stance. Under the influence of the alkalies, a pecu- 
liar acid is formed, which hap accordingly been 
(ermed the hum^c* The brown solution obtained 
under these circumstances contains humio acid in 
combination with potash or soda. 

680. It .has been supposed that this acid might be 
formed by the action of alkalies on the humus or de- 
caying matters ^hich the soil contains, and that the 
humates^ or compounds of humio acid, thus formed, 
being absorbed by plants, might stipply them with 
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carbon. There is, faowerer, no proof whatever that 
this reallj is the case ; on the contrary, as has al- 
ready been stated, there is every reason to believe 
that decaying vegetable matters merely yield carboa 
to growing plants, by generating carbonic acid gas. 

681. The food of plants, then, is carbonic acid 
gas, water, and ammonia, partly derived from the 
air, and partly from the soil ; and certain earthy and 
saline substances, derived almost wholly from the 
soil. Let ns consider the circamstances ander which 
plants are able to absorb and assimilate these sub- 
stances, and what other conditions are requisite to 
their growth. 

682.^ The important influence which water has on 
the changes which vegetable substances are liable to 
undergo, has already been alluded to, when speaking 
of albumen, fibrin, and the other similaF substances 
which enter into the composition of seeds. All these 
substances, which under the joint action of air and 
moisture, are so liable ta undergo various changes, 
become comparatively fixed and unchangeable, when 
well dried and protected from the action of water. 
During the germination of seeds, a great change 
takes place in the nature of the substances composing 
thejPQ» Carbonic acid is formed by the combination 
of a portion of the carbon which they contain, with 
tire oxygen of the air. The conditions requisite to 
the germination of seeds are, therefore^ moisture, a 
certain degree of heat, and the presence of air. . 

683. Light appears to be prejudicial, and, there- 
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fore, darkness xhtLj be said to *be also necessary to 
the perfect germination of seeds; and these condi* 
tions are all secured by a good soil. The office per^ 
formed by moisture is, in the first place, principally 
mechanical, serving ,to soften and swell up the dry 
matters composing the seed, and by assistidg in the 
introduction of air to facilitate the changes requisite 
to germination ; it likewise acts chemically, its pre** 
sence being essential to the conversion of starck into 
gum and sugar. It is also possible that water may 
sometimes be decomposed during germination, its 
oxygen combining with carbon to form carbonic 
acid. 

684. When seeds germinate in a confined portion 
of air, we find that the air does not increase in bulk 
at all ; the nitrogen is not at all affected, but the 
oxygen is found to have combined with a quantity of 
carbon, and to be converted into carbonic acid, and, 
in consequence, the' insipid and comparatively inso- 
luble starch contained in the seeds, has changed into 
more easily soluble, sweet, and mucilaginous, pr 
gummy substances, fit for the nourishment of the 
embryo plant, before its foots and leaves are suffi- 
ciently developed to enable it to derive support from 
the different sources of food presented to it. 

685. When the access of air is prevented, i^bilst 
at the same time seeds axe exposed to moisture, they 
are unable to undergo this change ; germination, or 
the growth of the embryo, cannot take place, and the 
seeds decay; a portion of the water is decomposed. 
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and the oxjgen and hydrogen which it contained 
unite with the elements of the vegetable matter, and 
form carbonic acid, ammonia, carburetted hydrogen, 
and other substances. 

686. The first chemical change which takes place 
in a germinating seed, is the change of a portion of 
its azotized constituents into diastase (860), a sub* 
stance which does not exist previously in seeds, but 
is fornled by the process of germination : it appears 
to be a peculiar modification of vegetable albumen* 

This change ^cannot be efi'ected without the pre* 
sence of free oxygen, which removes, the excess of 
parbon. The azotised matter converted into diastase 
immediately begins to act as a kind of ferment, 
causing the starch and gum of the seed to pass into 
the state of sugar. During the earliest stage of 
germination, a small portion of vinegar or acetic aeid 
is formed. Alkalies tend to assist germination, be- 
cause they combine with and neutralize this acid. 

687. The chemical changes attendant on the .pro- 
cess of germination, are very diiferent from those 
which go on during the growth of a complete plant. 
Before the fo^rmation of leaves, and in the very ear- 
liest stages of its growth, a plant requires only 
warmth, moisture, and the. presence of air; but sub- 
sequehtly, it require?, in addition to these, carbonic 
acid and light. 

688. It is the oxygen of the air alone which is 
essentia}, to the germination of seeds, for the nitro- 
gen being unable to combine with carhop, under or^ 



264 PB0CBS8 OF HALTING. 

dinary circumstances, is quite useless in diminishing 
the quantity of that substance contained in the 
seeds : its presence in the air is, however, very use- 
ful, serving to dilute the oxygen and to prevent 
its acting toarspidly. Seeds are found to germinate 
very quickly in pure oxygen gas, but the plants pro- 
duced are weak and unhealthy, 

689. The germination of seeds may be- readily 
effected in water, although they are for the most part 
unable to grow and vegetate under that fluid. The 
change which, under ordinary conditions, is effected 
in seeds by the oxygen of the atmosphere, is, under 
these circumstances, caused by the oxygen of the 
small quantity of common air always dissolved or 
held in solution by water. In no case can a seed 
germinate unless free oxygen is~ present, or some 
other means exist by which a portion of tho carbon 
in the seed can be removed, so as to cause the change 
in the constituents of the seed before described. 

690. In the process ^of malting, or converting raw 
grain into malt,, the object to be attained is to change 
a large portion of the starch which the barley con- 
tains into gum and su^ar. This is effected by steep- 
ing' the grain in cold water, and then heaping it tip 
together on the flo6r of the malt-^house ; it is thus 
placed in the most favorable conditions for gern^ 
ination, and consequently the chemical changes 
attendant on that process immediately commence. 
The seeds lose carbon, and at the same time convert 
the oxygen of thb air into carbonic acid ; the embryo 
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or yonng plant begins to increase in si^e, and the 
grain becomes warm from the heat evolved by the 
chemical action. In malting barlej about 20 per 
cent, of starch is changed into .sugar and gum (412). 

691. If this were suffered to continue, the sugar 
and gum formed would be consumed by the growing 
young plant, and the malt would then become use- 
less. When, therefore, the process has proceeded to 
a certain extent, it is stopped by the gradual appli- 
cation of heat, which, by driving off the water and 
drying the grain, destroys the conditions requisite 
for the further growth of the young plant, and pre- 
serves the grain in the state most proper for the uses 
of the brewer and distiljer. 

692. Malting essentially consists of four distinct 
processes, which are respectively called steeping, 
couching, flooring, and kiln-drying. The barley is 
first of all steeped in stone vats or tanks filled with 
water ; it swells, and at the same time gives out a 
small quatirity of carbonic acid, together with some 
coloring matten The grain is allowed to remain in 
the steeping tanks for from forty to forty-five hours ; 
sometimes the water is renewed ; during this time it 
has expanded considerably, and increased in height 
from fifteen to twenty per cent. The malster judges 
that k has been steeped long enough, when it is so 
soft that the two ends of the grain can be easily 
squeezed together, between the thumb and finger. 

. 693. The water is then drained off, and the steeped 
grain is spread over the floor in square heaps, about 
23 
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thirty inches deep, in which state it is allowed to 
remain about twenty-six hours. After this, the grain 
begins to heat, and, if left to itself, would ere long 
become so hot that it would be injured. This is pre- 
vented, however^ by the malster ; who takes care to 
turn over and gradually diminish the thickness of the 
heaps of malt about twice a day. When the steeped 
grain is first couched, the surface graihs seon dry up 
a little ; but as soon as the heap begins to he.at a 
little, these grains again become moist,; this is termed 
the sweating of the grain, and shows that germi- 
nation is commencing. 

694. Th© time required for malting varies ac- 
cording to the temperature and the kind .of malt it 
is desired to make ; about fourteen days is the 
average time.. Winter is far better suited to malting 
than summer, because in the former it is much easier 
to regulate and keep down the temperature than it 
is in summer. The malster judges of the progress 
of his operation entirely by the growth of the young 
roots, which the seed puts forth. 

695. In drying malt, the great object is to drive 
off water and destroy all further growth, without ex- 
posing the malt to so high a temperature as would 
risk its ii\jury or decomposition ; as, in that case^ the 
sugar ^hich had been fprmed would be destroyed 
and lost. The application of heat, therefore, must 
be very gentle and gradual ;Jn fact, the less heat 
the malt is exposed to, the better will it be. When 
thoroughly dried it is screened, so as to remove the 
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dried rootlets, which are of course brittle, and hence 
easilj detached from the grain. After this, the 
malt is once more spread out and exposed to the air, 
in order that it may mellow and become soft and 
mealy, 

696. There are several chemical means by which 
germination may be accelerated, but in ^^eral very 
little benefit is derived, from such processes. Thus, 
for example, substances which have a strong affinity 
for hydrogen assist germination, because they tend 
to decompose water, and set free oxygen. For this 
reason, solutions containing free chlorine are found 
to cause seeds to ger^iinate more rapidly than they 
would otherwise do. 

697; Wh^n seeds are sown in the earth, they are 
placed in a situation where they are. protected from 
the action of light, and exposed to the .influence of 
air and moisture ; and provided they are not too 
cold, that is, above the freezing point of water, they 
will germinate and produce plants. Below that tem- 
perature seeds cannot germinate, because, as has 
been already'said, the action of water is in the first 
instance to soften the seed^ and this it cannot effect 
when so cold as to assume the solid form itself. If 
buried too deep in the soil, the free access of air to 
the seeds will be retarded, or even perhaps wholly 
prevented, and under these circumstances of course 
they cannot grow. 

698. The hature of the soil, too, is of considerable 
importance: very clayey soils allow a less perfect 
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action of air than those which are of a more porous 
and open structure, and in the former, therefore, the 
process of germination proceeds more slowly. 

699. In the next stage of the growth of planrts, or 
when they have leaves, they begin to absorb carbon 
from the air instead of parting with it; and this they 
do by decomposing the carbonic acid always present 
in the air, a power which they possess when exposed 
to the influence of light* 

700. The effects of light in increasing and dimin* 
ishing chemical affinity are highly curious, and but 
very imperfectly understood : there are a good many 
substances which, although they have an affinity for 
each other, cannot combine in the . dark. In the 
same way,^that peculiar chemical ciLSknge which goes 
on when plants grow, cannot proceed well in the 
dark ; the decomposition of carbonic' acid and water, 
and the combination of their elements in order to 
form Irgnin or starch, &c., goes on very imperfectly 
without light. 

701. The effect of Light, in causing phemical com- 
bination and decompositipn, is quite independent of 
its brightness or illuminating power. The rays of 
light which reach the eari;h from the sun, possess 
three distinct classes of properties ; those which give 
light, those which give heat, and those which cause 
chemical action. In passing -through different sub- 
stances it is found that one or other of these proper* 
ties is lost^ the heating rays, for exa&ple, passing 
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througli, whilst those vhich gm light are stopped 
(187, 295). 

702. Chemical action is caHsed in the, cells of the 
leaves by the agency of these chemical rays of light, 
which enable 'the vital power as it lis called, to form 
organic matter : hence it is frequently said that Light 
stimulates vegetation. Ohemical action is ako ang- 
mented by Heat, which, thongfa it cannot alone effect 
those changes usually produced by light, considerably 
. assists them, and is therefore classed with light as a 
stimulus. 

708» Electricity also, that marvellous power, in 
many respects so similar, to light and heat, the effects 
of. which we frequently see in lightning and thunder 
ittorms, is believed to exert great influence on vege- 
tation ; but though there certainly appears much 
probability of the truth of this, it is as yet not proved 
by direct and nhexceptionable experiments; 

704. When the young plants appear above the 
surface of the. grouil^d, their mo'de of growth is 
^^hanged: they, then require air and light, and being 
no longer preserved by the soil from the action of 
light, ure, immediately able to effect the decomposi- 
tion of carbonic acid. 

705. The roots of ,a plant require little more than 
mcMsture. The water which they obtain* from the 
soil contains those saline and gadeous matters which 
the plants want, whilst the leaves require in addition 
to these matters the influence of light, and all these 
they obtain by growing up into the air. 

28* 
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706. When plants are shaded frofa the light, or 
covered up, either artifidally or by the -leaves of 
surrounding plants, the action of light ^ impeded, and 
they are unable to effect the proper decomposition of 
'carbonic acid. Every one knows that, under these 
circumstances, plan^ become unhealthy and send up 
long weak shoots, endeavoring to reach the light, and 
to place their leaves in a situation where they will 
be exposed to its influence. 

707. The existence of most plants may be divided 
into four periods : firstly, germination, or the deve^ 
lopment of the young plant from the embryo; second- 
ly, the growth of the plant to maturity ; thirdly, 
blossoming, and the formation of seed or reproductive 
parts ; and, fourthly, decay, or a cessation of vital- 
ity, and consequent decomposition of the organic 
structure. 

708. In each of these four periods different che- 
mical changes are going on, and therefore difierent 
conditions are requisite for the perfection of those 
various processes. In the commencement, water, air, 
a certain degree of warmth, and the absence of light, 
appear nearly all that is required for the growth of 
the embryo, which obtains food from the matters 
stored up in the seed, until it has so^far increased in 
size as to have acquired roots and young leaves, and 
in other respects has become fitted to derive nourish- 
ment from external' sources. 

709. During the growth of the perfect plant, It is 
observed that^ in addition to water and a certain 
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degree of warintb, carbonio acid, ammonia^ and cer» 
tain earthy and saline substances, are required ; 
whilst light, which in the first stage of its growth 
appears prejudicial, is now required to assist in those 
complicated chemical changes which are going on, 
when the compound organic substances^ such as 
wood; fibre, gum, starch, gluten, &c., are formed in 
the organs- of the plant by the comhination of the 
elements of water, carbonic acid, and ammonia. 

710. Hence during the day, or whilst plants are 
exposed to the influence of light, the carbonic acid 
absorbed by them is decomposed, the carbon alone 
being iretained in their structure, whilst the oxygen 
is given off. 

711. During the night, or whenjight is withdrawn, 
this process ^f decomposing carbonic acid and acquir- 
ing carbon goes on very slowly, and aocordingly^^ome 
of the carbonic acid then absorbed by the roots is 
given ofi* again unchanged, by other parts of the sur- 
face of the plants, in place of undergoing decomposi- 
tion. For plants are at all times receiving from the 
soil carbonic acid, which must necessarily enter their 
system with the water they absorb irom the [soil 
through their roots ; but they can only derive nourish- 
ment from it when, in consequence of the influence 
of light, they are able to effect its decomposition, and 
so, by jretaining the carbon, to increase the quantity 
of organic, matter which they contain. 

712. In the third stage of the existence of a plant, 
or during the formation of seed, the same general 
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conditions are required which >rc necessary daring 
the second ; for the formation of seeds and fruit is 
governed by very nearly the same laws which regu- 
late the produotion of leaves and woody fibres Those 
causes which are most influential in maintaining the 
healthy growth of the leaves, such as temperature, a 
due supply of food, and more especially light, are, 
likewise the most important in the growth and per- 
fection of the seed. 

713. The principal chemical. use of the leaves is to 
assist in the formation of the orgMiic substances ex- 
isting in plants, which they do by exposing the crude 
juices to the action of light, and thus effecting those 
peculiar changes dependent on the combination of 
carbon, nitrogen, hydrogen, and oxygen, under the 
influence of light, on which the growth and increase 
of plants depend. 

714. The organic substances thus formed in the 
leaves are either stored up in the stem of the plant, 
or in other ways appropriated to its increase and 
perfection ; and in most cases but little of them rci* 
mains in the leaves. The office of the fruit or seed- 
vessel is different ; for though, like the leaves, it is 
able to assist in the production of organic matter, 
the substances so formed are retained and stored up 
in itself, and the fruit or* seed-vessel, not only returns 
nothing to the plant on which it grows^ but in addi- 
tion attracts to itself a li^rge portion of the vegetable 
matter formed, by the combination of carbon, oxygen, 
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and hydrogen^ under the mfluence of light in the 
leaves. 

'725. ThoSy whilst the leaves are continually adding 
new matter to a plant, the fruity on the other hand, 
by absorbing that matter, checks the growth* Hence, 
also, the practice of pruning fruit-^treea with a view 
to improve the fruit; the young fruit thus gets an 
additional supply of organic- matter, which would 
otherwise have gone to the fin'mation of fresh leavee 
had not the .branches beea removed. It must net, 
however, be supposed that the forma^tion of flowers 
and seeds is similar to the formation of woody fibre^ 
or- leaves; very different changes take place, but the- 
same general conditions aro required by plants in 
both c^ses, 

716. Flowers do not, like leaves, possess the power 
of decomposing carbonic acid under the influence of 
light ; 'on the contrary, flowers appear at all times to 
give out carbonic acid. From this it is evident, that 
they must consist principally of substances containing 
in proportion less carbon than thc^ordinary proitimate 
principles, such as. gum Bud lignin. There is a com- 
mon belief that pknts in blossom deteriorate the air, 
and, therefore, that their presence in bedrooms is 
highly objectionable. It is true that fio*wers gene^ 
rate carbonic acid ; but it is probable that the evil 
effe<?ts occasionally produced by flowers in sleeping- 
rooms, are occasioned by a minute quantity of volatile 
oil, to the presence of which the smell lof flowers ia 
to be attributed; and many of which, even in very 
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small ^uantiti^B/tict powerfally on the animal sys-r 
tem. 

717. When frnits are first formed, they act very 
Kke leaves ; they absorb food from the air, and nnder 
the infinence of light form organic matter, whilst at 
the same time they Collect and appropriate moch of 
the organic matter generated by the snrrotinding 
leaves. At this period of their growth flrnits have 
rely little taste^ and in compo8Hi<>n they somewhat 
resemble leaves r "when they have attained a certain 
size, they undergo a new change and ripen, daring 
which they acquire a sweet, or slightly acid taste. 

718. ^n the first «tage of the ripening of frnit, 
acid matter ia generated, in conseqnence, apparently, 
of the conversion of somo of the tasteless constitu* 
ents of the fruit into malic^ tartaric, and oth'^r or- 
ganic acids. During the second period of jipening, 
the greater part o£ these acids is conyerted into 
sugar, wad a . portion of coloring matter is at the 
same time forqied. The formation of sugar and 
coloring matter takes place quite independent of the 
plant; for fruits may be ripened after removal from 
the plant which produced them. 

719. In the first period of vegetation/ when a seed 
has been placed in the conditions requisite to germi- 
nation, the embryo plant has n6 power of obtaining 

, food for itself, either from .the air,or the soil ; it is 
entirely dependent on the seed for 'a supply of those 
matters which are necessary to its growth. A seed, 
then, is a- magazine, or store of food, prepared for 
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the use of the joong pliint ; and ^ccordiagly « Urge 
quantity jof the matters secreted by a plant, are 
necessarily employed in the formation of seed^ 

720. In the case of ft^U plants which shed their 
leaves annually, at the end of the season buds are 
formed. * In some respects these resemble seeds ; 
they consist of growing points, surrounded by small 
scales^, which ia time, would develop into branches 
and leaves ; but they are closely wrapped up in sev- 
eral layers of a brown scaly matter, which protect 
them during the winter from the action of cold and 
other, injurious influences. 

721. When spring comes on and the weather is 
milder, the buds undergo a chemioal change a good 
deal resembling germination. It frequently happens 
that the buds open before the winter is really over, 

. or that thjsre is a return of cold weather, which kills 
them, and thus give^ the tree a very material check.. 
Buds may be formed at any time during the. year ; 
but they are, generally speaking, and of cpurse with 
the exception o? flower-buds, form^ed only at the end 
of the year, and at the time when the leaves fall off. 
In cold and uncertain seasons it is common, however, 

to see two or even more sets of buds formed in the 

... - ^ • 

same year. ^ . 

722. There is a great distinction between organic 
and organized matter. The former term signifies, as 
has already been explain^, sugar, starch, or similar 
compounds ; whilst by the latter name is meant the 
cellular and fibrous, parts of plants. The chemist 
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may by artificial meaaJB readily mske some forms of 
organie matter, and convert tbein into others ; but 
he cannot make organized matter;, the latter is a. 
prodnob of vital action, and has never been formed 
by artificial means. 

728: The first change effected by plants, is to con- 
vert cat'bonic acid and water, under the Influence of 
light, into starch and similar forms of organic matter; 
the second. operation is- to form these substances into 
the various cells and tubes which compose the struc- 
ture of plants. The former is a purely chemical 
operation ; the latter requires something more, 
namely, the exertion of vital powerw ' 

724* As starch, though it is very easily convjertible 
into other substances under the influence of a fer-~ 
ment, is nevertheless one of the most stable of all 
the products which a plant forms ; so it is also that 
one best fitted to serve aa nutrition to a; young plant, 
and is the substance always prepared in plants, to 
act as a store of nutriment for any future growth. 
Whenever a growing point or embryo is ^formed, a 
quantity of starch also is, at the same time, deposited. 

725. Thus starch is found in all seeds and buds, 
ds well in those which are formed on underground 
stems and tubers, as in those which are formed^ at 
the extremities of the bi'andhes. Whenever an 
embryo or point of growth begins to. develop, the 
chemical action, in the first instance, is the same* 
The azotized matter begins to "change, diastase of 
some similar substance is generated ; this acts on the 



NATURE OP SEEDS. 277 

store of starch, and sugar and other soluble princi- 
ples are formed. For this reason all kinds of tubers, 
such as potatoes, for example, become sweet as soon 
as- the eyes or buds begin to grow: it is' an eflfect 
similar to the malting of grain. 

726. The embryo of a seed possesses vitality, but 
has no power, at first, of assimilating the elements of 
organic matter directly from the air ; it is, therefore, 
able to convert starch, gluten, and other proximate 
principles, into organized matter, and <5onsequently 
grows and increases in size, by feeding on the store 
of organic matter prepared for its use in the seed. 

7_27. The means provided to insure the reproduc- 
tion of plants, are very various. In some plants, 
seed only is formed ; whilst in others we observe 
tubers or collections of food, prepared and preserved 
in underground recepfacles, for the nourishment of 
the yonng pfants of the next season. 

728. Many plants, such as wheat, barley, beans, 
&c., form seeds which consist merely of an embryo, 
or growing body, surrounded with a supply of organic 
food sufficient for the use of the ^young plant, until 
it has grown large enough to feed itself. The seeds 
of other plants are more complete, being surrounded 
with an additional quantity of organic matter, which, 
by decaying, insures to the roots and leaves of the 
young plant, a due supply of gaseous food as soon as 
it is able to feed itself by those organs. 

729. The seeds of all plants which bear fruit, are 
of this^ind. When a peach, for example, falls from 

24 
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the tree which produced it^ the soft pulpy matter of 
the fruit soon decomposes, and by the time that the 
seed begins to germinate, the fruit is wholly converted 
into humus; hence the roots of the young plant are 
placed in a soil rich in carbonic acid, as Qoon as it is 
possible for them to absorb it. 

730. During the whole existence of a plant, from 
the formation of its first leaves till its death, it is 
constantly absorbing moisture from the soil through 
the roots, and as constantly parting with it by the 
leaves. The water thus collected from the soil, con- 
tains carbonic acid, ammonia, and such saline matters 
as are present in the soil. If the leaves of the plant 
are exposed to the action of light, the carbonic acid 
and ammonia are decomposed, together with a portion 
of the water, aoid organic matter is formed. 

731. During the night, or in the absence of light, 
this change takes place but imperfectly; and hence, 
then, the water absorbed by the roots, which is still 
given off by the leaves, carries with it a considerable 
portion of the gaseous matter collected from the 
soil. 

732. The exact office in the nutrition of plants, 
performed by the saline substances they absorb, is as 
yet but imjSerfeqtly known. Some plants appear to 
require particular substances, and it is known that 
certain substances cannot be formed by plants, unless 
the soil contains particular saline matters. All plants 
contidn more or less lime, as well as other bases, such 
as potash and soda ; these^ of course, are never in 
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the pure atate, but combined either with organic or 
inorganic acids, or else with, chlorine. Albumen, 
gluten, caseine^ and fibrin, are always found to contain 
a- stnall quantity of certain phosphates, particularly 
those of lime and magnesia; hence these Bubstalnces 
appear to be essential to- the formation of those prin- 
ciples in plants. 

733. It is not^ known whether plants have any 
power -of selection by their roots ; that is to say, 
whether they are able to absorb from the soil only 
those substances which they require, or whether they 
absorb all the soluble matters present in it. To a 
certain extent, they seem to have some power of 
selection, but at the same time they ure very fre- 
quently injured by the . absorption of poisonous 
matters from the soil. / 

734. When the roots of a healthy young plant are 
plunged into a vessel containing water, in which two 
different saline substances are dissolved in equal pro- 
portions, the plant will not take up both salts in 
similar quantity. If, after continuing this experi* 
ment some days, we then evaporate the remainder ^f 
the solution, we shall find that the plant has taken 
up the two salts in very different proportions; per- 
haps half of the one salt has been absorbed, but only 
one- third of the other. 

73d^ The quantity of inorganic matter found in 
plants is various at different periods of their growth. 
In general, young- plants contain a larger proportion 
than old ones; and as seeds contain a supply of all 
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that young plants require^ a quantity of these salts 
is necessary fo£ the ripening of seed ; hence plants 
require a large supply of inorganic matter from the 
soil, daring the third period of their existence, or 
during the formation of seed. 
. 736, These are, in very general terms, the condi- 
tions requisite to the growth of plants ; but there are 
many special conditions appropriate to particular 
species, and many impor|;ant circumstances, which 
must not be overloioked in studying the chemistry 
of vegetation. Tke differences of climate, iind their 
influence on the growth of plants^, are not less 
remarkable than those of the soil itself ; and, indeed, 
the- very same soil would possess a very different 
degree of fertility in different climates. 

787. In the hot moist regions of the tropics, plants 
grow with, far more rapidity, and vegetation is more 
vigoreus, than in temperate regions. In tropical 
countries, decay proceeds far more rapidly than it 
does in our own country ; carbonic acid and amiponia, 
the food of plants, t^e produced in greater quantity 
than here ; whilst, from the greater power of the 
sun, plants are able to assimilate more of those 
substances than they can in colder countries. 

788. The same circumstances which are favorable 
to the putrefaction of organic matters, are likewise 
those which facilitate the decomp6sition of inorganic 
compounds in the soil (651). Consequently, in warm 
tropical climates, a more copious supply of the re- 
quisite ^earthy matters is c<HitinuaUy being set free, 
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ready to he absorbed by the plants ; proportionate, 
in fact, to the augmented vigor of the vegetation. 

739. Hence, in endeavoring to introduce into one 
eountry the plants of another, it is necessary to con- 
sider the conditions under nvhich they naturally 
grow ; and care must be taken to imitate as closely 
as possible those conditions, not merely as regards 
Boil^ but likewise i& respect to temperature, moisture, 
and light. These, however, are practical matters, 
into which it is unnecessary here to enter. 

740. In the last stage of the existence of a plant, 
or when, either from excessive cold, disease, or merely 
old age, the vitality becomes extinct, all that curious 
series of changes by which organic matters are gene- 
rated und§r the influence of light in the celK of 
plants, ceases ; decay commences, the organic com- 
pounds of the plant begin to decompose, and their 
elements rearrange themselves into simpler forms. 
The greater part of the hydrogen combines with 
oxygen, and is gradually giveo off in the state of 
water ; the nitrogen and hydrogen combine, and form 
ammonia ; whilst the carbon is slowly dissipated in 
the air in the state of carbonic acid, and at last little 
remains beside mould, or charcoal in combination with 
a small quahtity of oxygen and hydrogen- (673), and 
the insoluble earthy matters which the plant may 
have contained. l 

741. A plant dies^ when,^>at the end'of the season, 
it has passed through the various stages of its exist- 
ence, fulfilled the ofBce for which it was created, and 

24* 
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formed seeds or reproductive particles, which will 
inaure a fresh growth of the same kind of plant next 
year; after this, vitality gradually declines in energy, 
the formation of fresh organic matter ceases, and 
that already formed begins to decompose, . 
. .742. In following out the chemical changes which 
occur during the lifQ of a plants we find all through- 
out, that there is a constant struggle going on be- 
tween vital force and the ordinary chemical affinities 
of the elements of vegetable matter. The influence 
of vital energy tends to form complex combinations, 
whilst the natural affinities of the elements tend to 
form simple opes. So long as the former i^ the more 
powerful, the plant grows and flourishes ; as soon, 
however, as the latter gets the upper hand, the plant 
withers and fades-rdisease, and perhaps death, fol- 
low. ^ ; 

743. This kind of struggle is well seen in the an- 
nual fall of the leaf« During the whole of the sum- 
mer, whilst the vital energy is great, lignin, starch, 
sugar, and other similar compounds, are formed in 
the leaves, and through their agency; towards the 
close of the year, when they . have fulfilled the ob- 
jects for which they were formed, these effects cease^ 
the vital power diminishes, and ordinary chemical 
agency gets the ascendant. The first eiFect of this 
is oxidation ; the leaves begin to absorb oxygen, their 
green coloring matter oxidisses and becomes yellow, 
the leaves wither, fade, die, and fall off". But even 
then chemical power continues to act on them ; they 
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remain subject to its influencQ till they are wholly 
decomposed, or nothing but a little mould remains. 

744; Disease is occasioned by many causes; but 
independent of numerous minor sources, such as the 
attacks of insects, &c., the most important are defi- 
ciency of light, deficiency of vital energy, and defi- 
ciency of heat ; ^ny of these alone, or a combination 
of them, induces disease in plants, and often leads to 
death, by enabling the elements of organic matter to 
commence those changes which constitute decay and 
decomposition. . 

745. As has already been observed, plants are 
constantly employed in preserving the purity of the 
atmosphere : they feed on the foul or vitiated air 
produced by respiration, combustion, and decay; 
and their vigor and luxuriance are always in proper^* 
tion to the impurity of the air. It must, however, 
be^ x^learly understood, that there is a limit tc the 
quantity of carbonic acid plauts are able to decom- 
pose ; an excess would kill them ; whilst, if there 
were none of it in the air, they could not live. The 
vegetation of. the whole globe is just enough to keep 
the ur in a uniform state of purity (106, 123^ 710). 
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CHAPTER VIII. , 

AI^TIFICIAL SOURCES OP THE FOOD OF PLANTS— ACTION 
OP MANURES. 

746. When we remember^ that although plants 
derivo a large portion of their nourishment from the 
air, yet at the same time they absorb • considerable 
quantities of salin6 matters from the soil, it is evident 
that all plants must more or less impoverish the 
soil, by taking away that which causes its fertility. 

747. The natural vegetation of any country en- 
riches rather than deteriorates the soil, because 
nothing is carried away from its surface ; the plants 
which grow on it return to the soil, during their 
decay, all the earthy and saline substances which 
they had absorbed from it during their growth, whilst 
they add to it « considerable quantity of the carbon 
they had collected from the air. 

748. Vety different, however, is the condition of 
cultivated lands ; on them large crops are raised year 
after year, which are removed and carried away^ to & 
distatice, to form the food of men and animals. 
Such land is gradually impoverished ; because with 
the crops a large quantity of inorganic matter, ne- 
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cessary to the fertility of the land, is removed. It 
remains for us to inquire, what are the best means 
of restoring these matters to the soil ; and likewise, 
in how far it is possible to increase the fertility of 
the soil, by augmenting the natural quantity of any 
of its constituents. 

749. In practice there are throe courses adopted 
to maintain the fertility of the soil ; namely, fallow- 
ing, a rotation of crops, and the api^ication of 
manure. 

750. In order to comprehend the effect produced 
by ^llowingy it is necessary to remember the mode 
in which soil is. formed. As has already been stated, 
soils consist principally of small fragments of differ- 
ent rocks and stones, which, from a variety of causes, 
have gradually crumbled down to powder. The sand 
or fine particles of stona in the soil are constantly 
decomposing (649) and adding to the soil, potash^ 
soda, and very finely divided earthy p&atters ; it is 
from sources of this kind that most of the saline sub- 
stances present in the soil, are derived. . 

751. The soluble salts formed in this manner, are 
dissolved by the rains,- and in great part washed 
away from the- surface; a, portion, however, always 
remains in the jBoil, and is absorbed by plants. When 
a crop of some plant, requiring, for example, a large 
quantity of potash, is raised in such a soil, it often 
happens that the crop takes ,away nearly all the solu- 
ble potash the soil, contains ; and in^ consequence, it 
would be impossible to raise a second crop of that 
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plant on the same soil, as there would not be potash 
enough in it. 

7/>2. If, however, the soil is left for some time 
fallow, if ^o crop at all is raised on it, the soil has 
time to renew itself; by the actiofi of the air, the 
further decomposition of the silicates and other simi- 
lar stony compounds in the soil, is effected, and a 
fresh supply of potash is provided* 

758. The same end is obtained by a system of ro- 
tation. In place of sowing a second crop of the 
plant which requires so much potash, some other 
plant is taken, which does not require potash, but 
which requires other substances that the soil con* 
tains. 

754. In both these cases we restore, by the slow 
effects of the air, those substances which- we remove 
with the first crop. In manuring, we at once add to 
the soil that which the plants require, 

75.5. Generally speaking, wheat cannot be grown 
on the same land year after year, and accordingly 
various systems of rotation are adopted. It is 
probable, however, that as soon as we know what are 
the substances required by wheat and other crops, we 
shall at once know bow to restore to the soil those 
substances which each crop removes, and thus be 
enabled to obtain crops of the same plant, fpr any 
number of years in succession, from the same soil. 
The labors oC chemists -are, however, hardly far 
enough advanced for this at present. 

756. The period of time over which ' the- rotation 
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ifl made to extend, varies greatly in different countries 
and in. different soils. The ordinary period in Eng- 
land is four or five years, but it is sometimes extendc^d 
to nine, or even more. In the ordinary four or five 
course system, wheat is only grown once in four or 
five years, manure being given only once, at the 
commencement of the course, when a crop of turnips 
being grown, is fed off rby sheep ; the land thus re<- 
ceiving a rich dressing of sheep's dung (812). 

757. With respect to the natural sources of saline 
matters in the soil, it must be observed that, al- 
though their nature and quantity are in a great mea- 
sure influenced by the composition of the subsoil, and 
stony substratum; yet it frequently happens that, 
from want of mixture, the soil is deficient in some of 
those very substances which the subsoil is rich in ; 
and in consequence the soil becomes considerably im- 
proved by mixture, or by spreading over the surface 
some of the decomposing stones dug from below. 

758. We are apt to think that a soil must of 
necessity contain portions of those substances which 
enter into the composition of the substratum; but 
this is by no means always the case. Thus the sur- 
face-soil of a chalk district is not unfrequently nearly 
wholly destitute of calcareous or chalky matters; 
and soils in such situations are, therefore, often im- 
proved by spreading lime over thesurfaee. 

759. It is consequently. of high importance to 
know the nature and composition of the subsoil, as 
well as the surface soil ; for by a judicious use of the 
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former, the soil' itself may frequently be very mnich 
improved, and probably some saving effected in the 
quantity of manure required for the land. 

760. The system of subsoil ploughing, so success- 
fully practised in many parts of the country, is con- 
nected with this subject, and depends mainly upon 
the advantages derived from 'admixture of tlie subsoil 
with the surface. la this operation, a plough is em^ 
ployed to break up and pulverize the soil to a 
considerable depth belo# the surface, without bring- 
ing the soil so disturbed up to the top ; by this 
process the permeability of the soil to air is greatly 
increased, and in consequence, the subsoil is soon 
brought into a fit state to be mixed with the ordinary 
soil, by the use of ti suitable plough. 

761. Part of the benefit derived from this opera- 
tion is doubtless due to the greater openness conferred 
upon the soil, which permits a more perfect access of 
air and moisture, and allows the roots of the growings 
plants more easily to penetrate through it ; but at the 
same time, advantage is also derived from the greater 
supply of saline and soluble earthy matters which 
are thus made available for the use of the plants. 

762. A very great variety 6t different substances 
is included under the general same of manure. 
Some of the substances added to the «oil act princi- 
pally in a mechanical way, improving' its texture; 
others are chiefly valuable as sources of carbonic acid 
and ammonia ; whilst many are useful as supplying 
saline and earthy matters in which the Boil may be 
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deficient. It wpuld be easy to divide all manures 
into these three classes ; but it is more convenient to 
divide them simply into the organic and the inor* 
ganicr beicanse maixy manures act in all these three 
ways at once, improving the texture of the soil and 
supplying carbonic ACid, ammonia, and saline m^rtters. 

768. The Chinese, who are very economical of 
their manure, apply it in small quantities at several 
distinct periods to their plants, when they judge it to 
be wanted ; it may in fact be said that they mianure 
their plants, whilst in Europe it is the custom to 
manure the soil; this must of necessity be the case, 
where labor costs less, than manure. 

764. Organic manures may in general • terms be 
described as consisting of any kind of organic matter 
in a state of decay or putrefaction. Setting out with 
the knowledge that organic matter consists of carbon, 
oxygen, hydrogen, and nitrogen, it is not difficult to 
undexstand the changes produced by its decomposi- 
tion. ^ 

T65. The^ complicated changes which 'organic, 
matters undergo in decomposing are generally divided 
into four separate classes, namely: Fermentation, or 
the formation of new compound substances by the 
partial decomposition of a .compound, the change 
being induced or commenced in consequence of the 
presence of some other decomposing matter ; Putre- 
faetipn, -or the complete decomposition of organic 
matter and its conversion into different inorganic 
compounds, such as water, ammonia, carboniciaeidv 
25 
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salphuretted hydrogen, &Cr ; Decay, & slow proci&BS 
of oxidation, almost analogous to combastion, differ- 
ing from putrefaction in being dependent on the -pre- 
sence of free oxygen or air. {This change is always 
accompanied by the* evolution of heat; Mouldering, 
a change intermediate between putrefaction an4 
decay, taking place in organic matters exposed to 
the action of. water, but not to that of air. 

766. Organic manures consist of mixtures of vari- 
ous organic substances in a state of putrefaction or 
decay. The more changeable substances at once 
enter into putrefaction, sometimes communicating - 
their own state to these which are less changeable, 
sometimes only inducing- decay in them ;- thus, for 
example, urine soon putrefies by itself^ and, if- mixed 
with straw, it gradually causes the latter to heat and 
decay. 

767. Whilst describing the different varieties of 
organic matter, attention has constantly been drawn 
to the results produced by their putrefaction. It 
has been repeatedly stated that the substances formed 
by the putrefax^tion ef organic matter are water, car- 
bonic acid, and ammonia. The nature and rapidity 
of the change is, however, greatly modified by cir« 
cumstances. 

768. Organic matter containing nitrogen changes 
far more^ rapidly than that not containing this ele- 
ment (350). It might have been supposed that under 
such circumstances the nitrogen would be given off 
in a free and uncombined state ; it is therefore re« 
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mafkabl^ to find that, at the' moment of escaping 
from one com^und^ it enters into combination with 
another element. This fact is important, and de- 
serves a little farther consideration, for it is found 
that, at the moment of separation, substances hare 
a peculiar tendency to enter iiito fresh coml^inations. 

769^ Substances in this state, or whilst being set 
at liberty by the decomposition of compounds which 
preViotmly contained them,^ are ssiid to be in the nas- 
cent state^ It is always found that substandes which 
have an affinity for each other, but under ordinary 
circumstances cannot combine, are able to do so when 
in the naseent state. 

7.70. All attempts have failed to cause the combi- 
nation of a mixture of hydrogen and nitrogen gases ; 
but when these two substances are in the nascent 
state they coihbine readily, and ammonia is formed. 

771; The rapidity with which animal' substances 
decay or putrefy depends on moisture, warmth, and 
air. It has been stated that substances of this kind 
may be preserved a long time if dry ; water is neces- 
sary to their putrefaction; It is well known that 
meat may be preser^ired fresh a long time if frozen, 
or kept at a temperature below the freezing point of 
water, whilst, ^n the other hand, if kept in & warm 
pkce, it soon begins to change. 

772. The ' decomposition of moist animal matter 
may likewise be accelerated by themixture of potash, 
doda, or lime, &c^, with it; under tkese circumstances 
nitric acid is formed (166),^ though all the ammonia 
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formed at the same time is lost (152). It appears 
Chat the mixture of these bases assists in the formation 
of the acid, in consequence of the strong affinity 
which they have for it, and that therefore they in- 
crease the natural tendency 'which nitrogen has to 
separate from the carbon^ oxygen, and hydrogen 
with which it is united in organic matter. ^ 

773. Whilst anima*! matters are putrefying^ they 
commonly emit a very offensite smell: now, as neither 
water, carbonic acid, ammonia, nor nitric acid can 
cause this, it is evident that some other substance 
must, at the same time, be formed. The fact is, that 
the nause<Ais odor given off under these circumstances 
is occasioned by the formation of sulphuretted hydro- 
gen (182). 

774. Sulphur and hydrogen, though hardly able 
to combine with each other under common circum-r 
stances when brought together, unite readily when 
the hydrogen is in that peculiar nascent state abpve 
adverted to. Thus, when organic substances coki- 
taining small quantities of sulphates decay, a portion 
of the hydrogen, whilst set at liberty, combines with 
some of the aulphjar contained in the sulphates, and 
sulphuretted hydrogen gas is formed. 

775. This gas is evolved in considerable quantity 
during the decomposition of nearly all. animal sub- 
stances, and likewise those , vegetables, such as cab" 
bage> &C.,. which contain both, nitrogen and/sulphur ; 
though its- odor is not unfrequently almost over- 
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powered by tTi6 strong pungeiit smell of the ammonia 
evolved at the sane time. , 

776. When such decomposing substances are ex- 
posed to the air, the sulphuretted hydrogen gas formed 
is dissipated, and carried away in the atmosphere ; 
btit at the same time a large quacrtity of the ammonia 
also formed is lost, and this is of course highly ob- 
jectionable. The value of these kinds of manure 
depends in great part on the quantity of nitrogen 
whieh they are able to ^supply to the plants; and 
every thing tending to assist in retaining that sub- 
etance in the soil, and rendering it available to the 
growth of plants, is advantageous; whilst,^ on the 
other hand, everything increasing its loss, or dissi- 
pation in the air, lessens the value of the manure, and 
renders its application of less service. • 

777» Animal manures, to a slight degree, modify 
the mechanical texture of the soil; though from their 
great proneness to decchfnpose, the effects of this kind 
which they produce are comparatively transitory. 
Their principal value consists in the ammonia and 
carbonic acid, or nitric acid, which they yield, and 
the earthy and saline compounds w^lch they contain. 
In addition to thi^, they are also of value by facili- 
tating the decomposition of vegetable substances 
' employed as manure (767). 

778. As perhaps the most useful part of these kinds 
of manure is the volatile substances formed during 
their putrefaction, great care should be^ taken to suffer 
25* 
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A8 little as passible to escape, and be lost* It is pro- 
bable that the best method of preserving the greater 
part of such manure^ is to dissolve it in water^ The 
employment of liquid manure is gradually coming 
more and more into use, and the preji^dices against 
its applica^tion are vanishing, as the beneficial results 
produced by its use become known. 

779. Organic manure is of comparatively little 
value in a chemical point of view, until it has under* 
gone decotnpoBition ; plants do not seem able to ab- 
sorb and appropriate organic matter; hencey in all 
cases, w}i&ther applied fresh or decomposed, it must 
undexgo decay or putrefaction, before it can coi^ti- 
tute food for plants. It appears further, that plants 
cannot absorb solid matter; it is, consequently, also 
requisite that these matters should be soluble in 
water, or capable of entering^ into the organs of 
plants in a fluid state. When water is added to 
organic manure in a state of decomposition, putre- 
faction is assisted, the escape of gases is diminished, 
and the useful part- of the manure obtained in that 
form best suited to the wants of growing plants. 

780. When plants are growing, very vigorously, 
and are abundantly supplied with manure, it appears 
that they sometimes do absorb a small quantity of 
organic matter together with the inorganic pro- 
ducts of putrefraction,. Vegetables forced with 
abundance of strong animal manure^ such as pig's 
dung, are frequefitly found to have acquired a bad 
taste, from the presence of a minute quantity of some 
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Bubstance, whioh they have absorbed n&decOBiposed^ 
from the manure. 

781. The greatest attention should be paid to the 
modes of collecting, preserving, and economizing 
animal manure^ There can be no doubt that a very 
large quantity of manure is constantly wasted under 
the old systems of using it, and the least considera- 
tion will convince any one of this, 

782. The food of plants consists principally of 
certain volatile or - gaseous substances, produced, 
amongst other ways, by the decomposition of organic 
matter ; we add organic matters to the soil^ to supply 
plants with more food than they could otherwise 
obtain. If, then, previous ^0 using these substances 
as manure, th^y are exposed for some time to the air, 
sun, and rain^ a considerable' portion of the volatile 
products of putrefaction must be lost; and yet this is 
constantly done. 

783. Manure should be carefully collected — none 
should be neglected or suffered to go to waste ; it 
should be preserved in proper ^receptacles, sheltered 
from the sun and rain, so that the Volatile products 
of its decay may neither be lost by the heat of the ■ 
former, nor washed %way by the latter; and lastly, 
by the action of water it should be softened, and ^s 
much as possible reduced to a fluid state, so that It 
may be easily and uniformly applied to the land. 
The formation of liquid manure-tanks deserves the 
most serious attention of the farmer. 

784. In the application of these kinds of manure, 
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it has to be remembered that although carbonic, acid 
and ammonia are the principal food of plants, jet 
that there are limits to the quantity of these sub- 
stances they can absorb, and that toa great a supply 
of such food ia not only useless, but objectionable, 
and even highly injurious. It is Useless to give a 
plant abundance of carbonic acid and anmionia, if 
we do not at the same time give it those earthy and 
saline substances which it requires (554)^ Even if 
both are supplied to plants, it is impossible for them 
to absovb more than a Innited quantity. Excess does 
harm (745). 

785. As animal matter is either directly or in- 
directly formed from vegetable substances, it is 
natural to expect that animal substances must con- 
tain, in addition to the four element of organic 
matter (556), the same earthy substances which plants 
contain, and this is really the fact (595). !Fhe phos- 
phate and carbonate of lime of the bones is obtained 
from plants, and the alkaline and other salts found 
in the various parts of the animal body are derived 
from a similar source. 

736. 9?he knowledge of this fact necessarily leads 
to the conclusion that all animal matter must be val- 
uable as manure. The flesh and softer parts of ani- 
mals, as well as the bones and other solids of the 
body, are composed of the same- substances, both 
inorganic and organic, as plants; and during their 
putrefaction jrield them up again in a fit state to 
be absorbed by plants. 
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787. The . vegetable substances which constitute 
the food of ^animals contain more earthy and saline 
matters than animals require, and they are ac- 
cordingly passed from the body as ezcrementitious. 
The food of animals in great part goes to supply the 
waste occasioned by respiration. In this process, 
carbonic acid is formed by the oxidation of carbon 
in ,the body, by the oxygen of the air; hence, in 
the air expir-ed from the lungs, it is found that 
the oxygen ia^more or. less combined with carbon, 
and converted into carbonic acid (107, 6Q6). T?he 
heat evolved by the combination of this carbon with 
oxygen k-eeps up the warmth of the body. The 
waste of organic matter in the body thus occasioned, 
is supplied by food, the organic part of which sup- 
plies that consumed by respiration ; but as the great- 
er part of the inorganic substances contained in food 
are not required for this purpose, the excess is void- 
ed, in the solid and fluid excrements. 

788. There are few things of greater value as 
manures than these offensive and apparently useless 
substances, which consist of a mixture of organic 
and inorganic matters ; the former, in jconsec^ence 
of the nitrogen they always contain, ready to de- 
compose, and furnish carbonic acid and ammonia ; 
the latter, those very substances which we require tp 
Stdd to the soil, being the very substances which are 
removed with crops. In consequence of the volatile 
nature of the products of their decomposition, ^verj 
means must be employed to prevent their loss. 
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789. When animal Bubstances are left for some 
time exposed to the air, thej undergo decomposition, 
and there at last remains nothing but the more fixed 
snbstances which they contained, together with a 
quantity of salts of ammonia, formed daring the de- 
composition of the easily pntrefiable matters. This 
residue is a valuable manure, though in forming it a 
Tery large portion of the ammonia produced is lost 
by evaporation. The guano or huano^ of South 
America, which has of late excited so much attention, 
is the Temains of the excrementa of sea-fowl, which 
has partly undergone this change (818).^ 

790. There are other modes besides that already 
adverted to (162), whereby the loss of ammonia may 
b^ prevented. Both ammonia and its carbonate are 
volatile, and though by the addition of water it is 
easy to retard their escape, it cannot be entirely pre- 
vented. It has therefore been proposed to add to 
liquid manure a small quantity of some acid, which 
shall combine with the ammonia to form a neutral 
salt, and sq prevent further loss from volatility. The 
-trials which have hitherto been made appear per- 
fectly satisfactory, and the only question is — which 
is the best method of thus neutralizing or fixing it 7 

791. The simplest method of fixing ammonia is to 
add to the manure a small quantity of a weak solu- 
tion of any acid; but we may also fix it by the addi- 
tion of any salt containing an acid united to a base 
by a less affinity than the acid has for ammonia ; 



wh^n this is done/ the salt is decomposed^ tlie base is 
set free, and the acid combines with the ammonia. 

792. Ammonia may be fixed by the addition of a 
small quantity of sulphuric, 'nitric, muriatic, phos- 
phoric, or any other acid. Sulphuric is, generally 
speaking, the cheapest, and therefore the most con- 
venient to employ; the quantity to be Ridded of course 
depends on the quantity of ammonia in the manure ; 
when enough acid has been used, all smell (153, 155) 
of ammonia disappears. A slight excess of acid 
does no harm, as it is certain to become neutralized 
by the bases Always present in the soil. 

793. It not unfrequently happens that, from local 
circumstances, a large supply of some other acid 
liquors may be obtained^ more particularly in the 
vicinity of n^anufactories; all such substances may 
be used with advantage^ The comparative value of 
the different salts of ammonia is as yet unknown; 
perhaps the best acid, if it could .be procured cheap 
enough, would be the phosphoric. Phosphate of 
ammonia forms a most valuable manure. 

794. Various salts have been proposed for the pur- 
pose of 'fixing- ammonia; amongst these the best 
appear to be gypsum, or sulphate of lime (237), and 
copperas or green vitriol, the sulphate of iron (289). 
When either of these salts is mixed with solutions 
containing ammonia in the state of a carbonate, 
both are decomposed, sulphate of* ammonia is formed 
(159), and caibonate of lime or oxide of iron is left, 
as an insoluble powder. For several reasons, acid is 
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preferable to fix ammonia; it is more easily used, 
and requires far less care and attention in mixing 
witb the solution containing aifimonia. 

795. Animal substances must have undergone 
decomposition before they can serve as the food 
of plants. It has already been stated, that plants 
appear only able to absorb nitrogen in a state of 
combination (640); no form of organic matter is 
suitable to the nourishment of a healthy plant. It 
is the office of the leaves to convert carbonic acid, 
ammonia, and water into organic matter, and hence 
organic matter must be resolved by decomposition 
into these substances, before it can be absorbed by 
plants. • . 

796. There are some plants, however, which seem 
to be exceptions to this rule, and which appear able 
to feed on organic substances. Certain fungi and 
parasitical plants, or those which grow upon others, 
probably feed by directly absorbing organic matter. 
The small fungi which constitute the varioiu forms 
of mouldiness are of this description ; they flourish 
in the dark, and grow on any kind of dead organised 
matter. All plants which have leaves, and require 
the influence of light, feed on gaseous matter, and 
never on organic compounds, except during the first 
period of their growth (719). 

797. Liquid manure, consistipg chiefly of urine 
and other waste animal manures diluted with water, 
is never so valuable in its fresh state as it becomes 
after a time, when the organic matter is chiefly con- 
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verted into carbonic ftcid, water, ammonia, ft;c. The 
time required for this change varies from four to 
eight weeks, or even more, according to the season 
of the year ^ pntrefaction being much more rapid in 
hot than in cold weather. 

798. The si&bstancea containiog nitrogen are those 
which first begin to undergo -pntrefaction, and ■ ac- 
cordingly ammonia is one of the earliest products of 
the putrefaction of liquid manure ; at this, time much 
of the ammonia is in the caustic state, and hence it 
is not so fit for manure as it is subsequently, when 
combined with Carbonje acid in the completely putre- 
fied liquid. In consequence of the great volatility 
of caustic ammonia, much of it is lost by evaporation, 
in the early stage of putrefaction ; it is for this rea- 
son that close tanks for liquid manure are so much 
recommended, and that the addition of fixers is found 
advantageous. 

799. Amoiigst the principal animal, substances 
employed as manured are urine, and -dung pt all 
kinds, tile flesh and blood of dead animals, fat and 
oily matters^ hair, wool, skin, and, lastly, horns, 
hoofs, and bones. These substances are all more or 
less valuable, as yielding to the soil a large quantity 
of the substances which oonatitut^ the food of plants; 
they putrefy, and their elements form new eombina- 
tions with gi^at rapidity. Th6se which change most 
readily^ of course yield ammonia and carbonic acid 
moert rapidly, and these constitute the most powerful 

26 



302 8TlU)Na MAHtJBS* 

mantrres : those wbioh decompose moi^e slowly are 
less powerful, but more lasting in their effects. . 

800, Urine, dung, and the decomposing eateases 
of all aniftials are excellent manure; they are, for 
many 'purposes considered to be too strong, and 
means are adopted to diminish their power. These 
manures evolye, during their rapid decay, a yery 
large quantity of ammonia, carbonic acid, &c«, far 
more, in fact, than plantis re<][uire of can abeorb. 
This excess^ is hurtful, and must be prevented. ^ 
; 801. There ure. two ways by which this may be 
effected ; the, one is to mix strong manure with a 
cpnsiderable quantity of -some substance far lesa 
prone to decomposition, se as to dilute it, or check 
its putrefaction ; the other, -and -certainly infinitely 
the worse way, is to expose^ it to the air for some 
time,, and not to use it untiija great part of the aoi- 
menia evolved by its decomposition is dissipated. Or 
combined with acids ; what remaitiS is then sufficient- 
ly mild to-be u^ed with" safety. - 

802. In order to preserve aa much as possible: the 
valuable^ partd of these mani^rei^^ they should be 
inixed with a certain quantity of vegetable refuse 
manured, such as sawdust, weeds^ kc. - This addition, 
tends to check theik too rapid deeomposftion, and^ 
prevents the* great loss which euBues when xoanura 
putrefies too rapidly^iind. becomes hot from the effects 
of its ow)i^ decomposition; and at the samo tiine the 
vegetable matters added are gradually brought into 
a state which renders them^ also a most valuable ad- 



dition to the ^. soil. -Farmyard duiig Ja a mixtareof 
this kind. 

SOSa In mixing we0ds withstrong animal manures, 
it must be borne in rtmA that their fseeds are in many 
cases :not destroyed, akhon^gh all the rest of the 
plants may be completely decomposed* . Bapid and 
active putrefaction will no doubt destroy tha seed 
also, but i^is is not ^desirable ; b^oause, when thd 
manure ferments very strongly, it heats, and a con- 
Biderable portion of volatile matter is sure to be lost. 
Many seeds-have so hard a husk that they wilL not 
be at all injured by exposure to mere ordinary putre- 
faction, and retain therefore their vitality through 
the decomposition. of the'duug. Some seeds will 
even pass uninjured through the stomaeh of an 
animal, and not have their vital powers impaired eyea 
by the process of digestion. ; « .^ 

804. In most cases it is a wa^er.of manure to burn 
weeds, and' whenever -it is practicable it is better to 
form them into-dung by rotting them with other sub- 
Btanees.; but when they are full of seeds, 9T it knot 
possible to destroy their vitality by so doing, :^t is 
doubtless better economy to burn, them than tgi run 
the risk of a fresh crop for the next season. 

805. As th^ hedges, banka^ and ditches rouiid the 
manure-yard or mixed heaps are always sure to be 
well manured, aitd to get a good deal of the exhala- 
tions which are lost during th^ ferxfestation of the 
manure itself) so jJie weeds which gti>w in such situa- 
tions are of course peculiarly luxuri^ and abundant. 
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The fanner should tale particular care to destroy 
them, and never allow them to come to seed, in such 
situations. It is unnecessary to delBcribe the bad ef- 
fects produced by the abundant crops of weeds which 
too often lure left to seed in the immediate vicinity of 
the manure-heaps. ■ ' ^ 

806. A Tory bad custom, too, is often followed of 
leaving manure-heaps^ too long untouched, so that 
they become in fact covered with a mass of weeds, 
which are left to flower and seed. The labor saved 
in not turning over and trimming the heap, is not a 
tenth part of that required to remedy the evil done 
in thus rendering the land foul. 

807. One of the greatest obstacles to good farm- 
ing is the practice of keeping wide and foul hedges ; 
they serve not merely as harbors for vermin, but as 
nurseries for weeds. The preservsation of game is, in 
fact^ the bane of the farmer ; for his farm is at least 
diminished in value, by one half, ^ from the various 
evils which are thus intro^kp^ed. * 

808.. Those, howeyer, who advocate the. total re- 
moval of hedged certainly go too far ; for hedges ar^ 
useful as shelter, and in other ways. A snaall and 
well-trimmed hedges if constantly attended to, does 
not, after all, require very much labor to keep it ia 
good order, 

809. The extremely offensive oi(sr of tiight-soil is 
a great obstacle to its collectiQn and use as inanure. 
In its fluid state the expense of conveying it to any 
distance is of course great^ and accordingly vitrious 
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plans hare been adopt0d to reduce it to the solid 
form, both to diminish cost of conveyance, and also 
to admit oCvits being nsed with the drill; in these, 
however, a portion of the volatile constituents ia 
generally lost, tbpugh what remains is undoubtedly 
a valuable manure* 

810, In the manufacture of some of the best of 
these '^ disinfected night-soils, '^ charcoal'-powder, 
burjat clay, and other similar porous substances, are 
used to absorb the gasea evolved (162). 

811. The most econoinical mode of using night-soil 
is,^ probably^ to allow it to jputrefy, diluted with water, 
and mix^d with a considerable quantity of vegetable 
matter, and to employ it as liquid manure. Of course 
this cannot be done when it is intended subsequently 
to carry it to a distance. 

. 812. The dung of different animals varies consider* 
ably in its value as mani]^re, depending, in great part, 
on. the substances which constitute their food ; that of 
those which live on animal food being of course richer 
in nitrogen than that of vegetable feeders. The 
value of those kinds used as manure are in the fol- 
lowing orders Pig*s dung, night-soil, -sheep and 
rabbit*^ dung, horse dung, and cow dung ; the first 
being that of most value. 

813. In manuring land by feeding off with sheep, 
not only does the land receive a large quantity. of 
valuable manure fro^i the dung, urine, and perspira- 
tion of the animals, but it likewise. has its mechanical 
26* 
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texture materially modified by the eonatant treading 
of the sheep. 

814. Guano, the residue of the putrefaction of the 
excrement of sea^owl, consists chiefly of various 
salts of ammonia, inorganic compounds, and unde^ 
composed organic matters^ analogous in nature to 
horn and wool (818). The salts of ammonia dissolve 
easily in water, and are at once absorbed by plants, 
whilst the undecomposed organic matter, gradually 
undergoing decomposition, continues for some time 
to yield a regular supply of am^ionia. In guano, 
there exists all the chemical elements of an excellent 
manure ; but of course it does not produce the 
Same mechanical effect on the soil which yard dung 
does. 

815. In using gUano as liquid manure, it must be 
remc^mbered that the solution formed by pouring 
water over it only contains the ammonia and about 
one quarter of the phosphates, the rest of the phos- 
phates, and the organic matter, bein^ almost insolu- 
ble in water ; hence the residue is nearly as valuable 
a manure as that which is dissolved ; and in order 
lo derive the whole benefit from the manure, the in- 
soluble part must, by agitation or other means, be 
kept suspended in the liquid whilst it is being spread 
over' the ground. 

816. Analogous in nature and value to these sub- 
stances are dead fish, and the refuse matters left in 
curing and preserving fish; sugar-refiners' waste, 
which is a mixture of charcoal, blood, and the various 
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organio matters containing nitrogen, wbich exist in 
'crade sugar ; and wool, soap, an abundant refose 
ifrom the wool-mills, consisting of putrid- urine, ' in 
which the wool is boiled to remove the grease which 
it naturally contains, and which is consequently rich 
in ammonia. 

817. Strong animal manures are .doubly valuable; 
for not only do they contain abundance of those 
matters which constitute the food of plants, but they 
also assist in rendering useful materials which would 
without them be of far less service. Whether these 
manures are employed in the liquid or in the solid 
form, some means should be adopted to retain the 
ammonia, either by the addition of acids or by some 
other method. (788). 

818. These remarks are far less applicable to 
animal manures, such as- fatty substances, horn, wool, 
bones, &c., which change but slowly. These sub- 
stances for the most part act slowly and gradually, 
and in a very diiferent manner from the softer parts 
of animals. 

819. In general, the strength of animal manures 
is in proportion to the quantity of nitrogen which 
they contain ; those which contain much of that ele- 
ment decompose rapidly, and evolve a considerable 
quantity of ammoiiia, whilst those containing little or 
no nitrogen change slowly, and, though valuable, and 
perhaps more lasting in their effects as manures, are 
far less powerful for the time. 

820. Woollen rags, hair, feathers, clippings of horn 
and skin, greaves, the refuse of the tallow-melters, the 
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refuse of. glue manafactorieB, and similar matters, 
form valuable mauufes ; because^ thougli they do net 
decompose. so rapidly as other aiumal manures, they 
slowly and gradually decompose, and continue to give 
out ammonia, &e., for a very long time. 

821. The substances of this sort employed as 
manures are very numerous; including as they dothe 
re'fiiiie of all those processes of the arts in which 
animal Matters are used, their value in all eases 
chiefly depends on their slowly decomposing, and 
affording a continual source of ammonia, &ic. 

822. Although oil or fat of alt kinds contains, no 
nitrogen, >4nd therefore exhibits very ,little tendency 
to change when pure, yet when mixed with earth, the 
large surface which is exposed to the air assists in its 
decomposition, particularly if othe^ animal matters 
also are present; and it a.ccordingly forms a valuable 
constituent of mixed manures. 

823. The dregs of oil, waste blubber, and refuse 
oils of all sorts, are excellent manures ; soap, likewise, 
in which oil or fat is combined with alkali, is used 
with advantage whenever it can be obtained at a 
moderate price. The waste soap 6{ the wool factories 
has already b^en mentioned as of great value (816). 

824. The water which runs to waste from many 
manufactories in which soap is employed ^&]2^ht be 
used with great advantage for manure ; it often^l^olda 
in solution a considerable quantity of valuable miijkter^ 
and might be well employed in the formation^ of 
liquid manure. . ^X^**"^ 
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825. The drainage-water of towns, generally con- 
taining, as it does, urine, refuse from the kitchet^c^, 
soap, &;c., is an excellent manure ; the most Taluable 
siibstances which it contains exist in a etate of solu- 
tion^ the mud which falls to the bottom when it is 
left to stand tt rest, is comparatively speaking of 
little value. 

826. The last animal manure which it is necessary 
to speak of is bones, though, as their chief value con- 
sists in the inorganic matters which they^ contain, 
they might almost be classed amongst the inorganic 
miEinures« 

827. Bones consist of earthy matters together with 
li quantity of gelatine and fat ; the value of bones 
ltd a manure consists in their mechanical effect on the 
texture of the soil, the earthy substances which they 
eupply (876), the ammonia given out during thedeeay 
of the gelatine or glue, and the carbonic acid and 
hydrogen supplied by the fat {595)i 

828. The quantity of putrefiable matter in bones 
is email in proportion to their whole weight, and its 
decomposition's retarded by the large quantity of 
earthy matter they contain ; hence bones form a good 
and lasting manure. 

829. Boiled bones form a better manure than raw 
or green bone's. Dhis appears to be caused by the 
removal of fat by boiling ; the fat which bone con- 
tains retards the decomposition of the gelatine, and 
probably also renders the phosphate of lime less so* 
luble than it is when the oil is removed. 
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880. In «tsting tb&t lN»iled boaes form a better 
maniire than raw or unboiled ones, it is of eourse ev*- 
ident tbat the operation of boiling cannot in any way 
increase the, absolute quantity of manure which they 
can supply, but merely renders them more rapid in 
their aotion ; as tbey become less lastjpg, in their 
effects, in exact proportion to the rapidity i>f their 
Ifcctionwhen first nsed.^ ^ .j 

881. As pbospbate of lime is insoluble in pure 
water^ and but slightly ^uble in water, containing 
carbonic acid, and as the most valuable component 
of bone is phosphate of lime, we should be led to 
expeet that they would form a lasting m^anure, pro- 
ducing a beneficial effect so long as any of the phos- 
phate of lime remains unabsorbed. As the quantity 
of this substance which plants arenble to obtain from 
bone in one season, is comparatively smelly it ha^ been 
proposed to mix. with bones some substance which 
shall render the phosphate of lime mc^i'o soluble. 

832. The cheapest and most convenient substance 
for this p^irpoae is sulphuric acid or oil ^ vitriol (179, 
245) ; this forms with bones a'compound called ^^ su- 
perphosphate of lime," one of the most valuable of 
the artificial manures yet proposed.. 
. 883*. Crushed bones, either burnt, or in the raw 
s|;ate (the former,.. however j being preferable), are 
mixed in a leaden vessel with sulphuric acid ; after a 
short time the acid is found to have completely de- 
composed the bones and reduced them to the state of 
a moist solid, which^ however, may.be easily rubbed 
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€o powder^ and ueed in any way as manure, either 
alcme^ or mixed with dry soil. 

834. The effect thus produced by the sulphnric 
acid is very riitaple ; burnt bones consist of phosphate 
and darhonate of lime, the latter in a far smaller pro- 
portion than the former ; when sulphuric acid is pour- 
ed ove? burnt bones the carbonate of lime is wholly 
decomposed, being converted into gypsum or stilphate 
of lime (245); the phosphate of lime is partly^ de- 
composed, the sulphuric acid takes from it the great- 
er part of ^he lime forming gypsum, whilst the rest 
of the lime being still combined tfith the phosphbric 
acid^ constitutes a very sour and easily ' soluble salty 
a bipfaosphttte oi^ superphosphate of lime. 

835. As the most valuable part of this manure is 
soluble in< watery it may easily be used as a liquid, 
being dissolved in water. Whether, used dry or in 
solution, it is most advantageous to use with it some 
manure containing ammoma, such as yard dung) 
guano, Of any of the strong animal manures. 

836. It is- frequently the custom to mix, aconsi*- 
dierable quantity of earth or soil with putrefying 
Minimal manure.; This to some' extent is a good prae* 
tice^ the earth added prevents too rapid putrefaction^^ 
aj^djfetains some of the. products of decomposition; 
a considerable quantity of ammohia/ which would 
otherwise be lost, is absorbed l>y the soil (162)^ The 
addition^bf burnt clay or charcoal is useful for a; 
similar reason. . . 

837. The use of lime, pn the other band^ is de- 
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eidedly objectionable; it inoreases. the rapiditjr of 
decomposition, and tends to the formation of a por- 
tion of nitric acid, but its nse eausee the loss of a 
large quantity of ammonia^ ia eonseqnenee of its 
power of decomposing all the salts of ammonia (152), 
coralnmng with the acid which they contain^ and 
expelling the ammonia in the state of gas« The 
addition of lime renders putrefaction a far lesHt 
noisome process, as the lime absorbs the sulphuretted 
hydrogen evolred (182^, which would otherwise 
escape into the air. ' . ^ 

838. Wood ashjss mixed with putrefying animal, 
matters act in ;a similar manner to lime ; the alkali 
which they generally contain /requently aeoeleratea 
decomposition, but occasions 1q»3 of ammonia. 

839. A good deal of what has been said respecting 
animal manures is equally applicable to those of 
vegetable origin ; but in general the decay of yege-. 
table manures is far less rapid than that of animal 
substances, «nd they are^more valuable for their 
mecha^nical effects, at¥l the ccurbonic acid and saline 
matters which they supply; whilst,, in addition to 
these, animal man uren^ yield, ammonia, the substance 
of >whioh is indispensable to the formation of gluten^ 
albumen, fibrin, and caseine,^'the most important of 
the constituents 6f yegetables (602). 

840. The use of decaying vegetable matters haa 
already been describied whilst speaking of the nature 
of humus, and the organic constituents of the soil 
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(667). A moderate quantity is very desirable, but 
too much is decidedly hurtful. 

841. A soil containing a very large quantity of 
humus or vegetable matter in a Btate of decay is 
always full of carbonic acid ; seeds do not germinate 
well in such a soil ; and the excess of carbonic acid 
is even hurtful to plants themselves (745). 

842. The principal vegetable substances employed 
as manure are straw of all kinds, leaves, sawdust^ 
bran, oilcake, seaweed, and green manures, or crops 
which are merely sown to be ploughed in, and thus 
afford fooc( to a second crop, of some more valuable 
plant. 

843. All these manures when mixed with soil 
slowly decay, and yield carbonic acid and small 
quantities of saline and earthy matters. They are 
most advantageously used when employed in combi* 
nation with some kind of animal manure ; this is the 
case in farm-yard manure. 

844. Straw alone decays but slowly, but when 
mixed with the dung and urine of caitle, it soon 
begins to change, and in a short time the whole is 
brought into a state of decomposition (802). 

845. In this case^ a sort of putrid fermentation is 
caused ; the animal manure decomposes rapidly, and 
causes a similar change to take place in the vegetable 
substances with which it is mixed (766) ; decomposi- 
tion proceeds rapidly, heat is evolved, and if the 
bulk , of the mixture is lar^e, this action becomes so 

27 
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energetic that the value of manure is seriously in- 
jured, by the high temperature to which it i& thus 
exposed. ' / 

846. The decay of >some vegetable manures may 
be facilitated by the addition of lime ; for the objec- 
tion which ai^plies to the mixture of lime with animal 
manures is not applicable to the ordinary vegetable 
manures. The latter for the most part contain but 
little nitrogen, their value principally depending on 
their mechanical action, and on the formation of 
carbonic acid. 

847. Vegetable mapures decay more or less rapidly 
in proportion to the quantity of nitrogen which they 
contain; green manures contain a notable quantity 
of gluten and . albumen, and accordingly decompose 
rapidly, whilst sawdust, which consists principally 
of woody fibre, and contains hardly any nitrogen, 
decomposes slowly. Sawdust is, therclfore, a most 
excellent substance to mix with the excrement c^ 
animals, and other strong animal manures. 

848. Wood sawdust is valuable as manure in pro- 
portion to the facility with which it decomposes, and 
the inorganic matters which it contains; that obtained 
from young trees decomposes with more facility than 
the sawdust of old wood. 

849. The wood of those tree^ which contain much 
resinous matter decays leas rapidly than other woods, 
and is therefore not so valuable as a constituent of 
mixed manures (802). Those woods which, when 
burnt, yield a large quantity of ashes rich in alkaline 
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salts (199), are useful additions in the state of saw- 
dust to manures rich in ammonia. 

860. There are a few manures of vegetable orjgin 
which contain a considerable quantity of nitrogen, 
and which consequently approach very near in nature 
to those formed of animal substances : such, for ex- 
ample, is yeast or barm ; this consists of matter rich 
in nitrogen in a state of incipient putrefaction (366), 
and is a' very strong manure. 

851. So also is oilcake, the residue left after ex- 
pressing the oil from seeds like linseed, which are 
rich in oil ; it contains much gluten and albumen, 
and is for that reason a strong and valuable manure. 

862. Green manures, as they are called, always 
contain enough nitrogen to insure their own decom- 
position, though it goes on far slower than does that 
of animal manures ; the value of green manures is' 
shown in the ploughing .up of an old pasture ; and 
even more strongly in the case of those crops which 
are sown, merely tp be ploughed in, when they have 
formed a quantity of organic matter. 

863. Some plants decompose with far more readi- 
ness, than others; for the most part, water plants, 
both sea and land, decay less easily than land plants; 
they notwithstanding are useful manures. Seaweed, 
employed alone, ^decays but slowly ; it is, however, 
valuable for its mechanical effects, and likewise for 
the alkali which it contains; it may b^ used with 
great advantage together with strong minimal manures 
(802). 
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854. Green manures, which contain but little 
nitrogen, may also be used very advantageously 
together with urine and similar animal substances, 
which sooQ bring them into a state of decomposition. 
A similar effect is also produced by steeping these 
matters in the ammoniacal liquor of the gas-works 
(154, 886) ; the whole of the vegetable matter is soon 
reduced to a pasty decomposing mass, which is a very 
good manure. 

855. The dry tind less changeable kinds of vegeta- 
ble matter are chiefly valuable for their mechanical 
effects, the influence which they exert upon evapora- 
tion, and the inorganic matters which they contain; 
they likewise may, however, be brought into a state 
of decomposition by the addition of animal matters 
(802). 

856. The number of inorganic substances employed 
as manures is very great, and their use is naturally 
much dependeiit on the nature of the soill In many 
cases, great benefit is derived from mixing soils; 
either mixing a portion of the subsoil with the dur- 
face-soil (761), or by adding to the soil earth brought 

. from a distance^ and possessing a different nature and 
composition. 

857. The earthy matters thu« added to the soil 
can hardly be called manures, although in truth they 
considerably resemble manures in the mode in which 
they act. By draining, deep ploughing, mixing, and 
by the use of mineral manures, either the meehanical 
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texture of the soil is improved^ or sabsti^nces are 
added to it in which it was previously deficient. 

858. It is almost unnecessary to say anything re- 
specting the importance of draining, and the change 
which it produces in too retentive soils, and in soils 
which from their position are naturally wet and 
swampy. The facts which have previously been 
staited show that too much moisture in a soil is hurt- 
ful, preventing the free circulation of air throughout 
it, and in several ways interfering with the healthy 
growth of plants ; this is remedied by draining. 

859. By draining, and subsoil ploughing, the ac- 
cess of air is facilitated, and the decomposition of 
silicates and similar stony compounds in the earth is 
assisted. In mixing, or by adding mineral manures, 
we increase the quantity of certain inorganic compo- 
nents of the soil. 

860. Amongst the modes of fertilizing the soil and 
augmenting the growth of crops, the^ subject of irri^ 
gat^on must not be omitted. The effects produced 
by flooding grass-land are well known ; they depend 
on several distinct causes. 

861. Very dry parched land is therefore much im- 
proved by irrigation, when from the heat of the climate 
the greater part of the natural moisture of the soil is 
evaporated ^. under such circumstances, the artificial 
application of water is necessary for the successful 
cultivation of plants, and accordingly it is a constant 
practice in tropical ci^untries, in the cultivartion of 
rice and similar crops. 

27* 
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862. Water ie of service in temperate- climates 
. as a solvent of saline matters, as assisting the decaj 

of organic matters in consequence of the air which it 
holds in solution^ as bringing saline substances which 
are nsefiil to plants, and as affording a supply of 
organic matter capable of affording ammonia, nitric 
acid, &c., by its siibsequent decomposition. 

863. In flooding land, the saline substances con* 
tained throughout the soil, and formed by the decom- 
posing agency of the atmosphere (651), are dissolved, 
and consequently brought into a condition fit for 
absorption by growing plants; but quite independent 
of this, almost all water contains a considerable 
quantity of inorganic matter (76), which in many 
cases is a valuable addition. 

864. In those cases where drainage- water is allowed 
to mix with that employed for irrigation, of course 
the organic matters and saline substances which the 
former contains, produce their effect in addition to 
that of the latter. The benefit is produced almost 
entirely by. the liquid, and the substances wbioh it 
holds in solution; the fine mud. which it leaves on the 
surface of the ground is of comparatively but little* 
value. 

865. Boad-drift and the scrapings of ditches^ are 
often used as manured with very beneficial^ results : 
their value of course depends in great part on their 
composition, and the nature of the soil to which th^y 
are applied ; the scrapings from roads made of stbne, 
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snch AS whinstone, are more raluablethan those from 
grit or sandstone. 

866. This difFerence' depends entirely on the alka- 
line matters, &c., which the whinstone contains ; but 
besides this, road scrapings are often rich in animal 
matters, derived from, the dung and urine of cattle. 
Road»drift is seldom used alone, but forms an ezceU 
lent addition to more concentrated mannres,' such as 
alkaline salts, guano, super-phosphate of lime, Ac. 

867. The fine ' mud deposited in stagnant waters, 
and on the banks of manj rivers, is of value as ma- 
nure, though by no means so vfiluable a substance as 
is frequently supposed; its composition varies con- 
siderably, and sometimes, particularly in the vicinity 
of large towns, it contains a considerable quantity of 
animal matter, phosphoric acid, and ammonia ; but, 
generally speaking, the most valuable part of the 
manure is carried away by the water (826). Even 
in those cases when it is rich in animal matters, its 
weight; and the heavy expense of carrying it to any 
distance, very seriously interfere with its use. 

868. Tbe mode in which many inorganic matters 
act is very imperfectly understood, and must of neces- 
sity remain so. until the office performed by saline 
and earthy substances in the nutrition of plants is 
explained. It is, however, certain that th^ addition 
of an earthy substance to the soil is of no use, if the 
soil already contains abundance of that particular 
compound; and consequently that the applicability 
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of any each manures, is wholly dependent on the 
nature and composition of the soil. 

869. When reading accounts of experiments with 
various inorganic manures, it muGft always be borne 
in mind that on one soil salts of potash, on another 
nitrate of soda, and on a 4;hird phosphate of lime, 
may be the best manure, because the soil happens to 
be deficient in alk&line salts or phosphates. 

870. Plants almost inyariabjy contain salts of the 
alkaliee, and Ume, or magnesia ; jiometimes combined 
with organic acids, sometimes with sulphuric, muriatic, 
or phosphoric acid. Phosphates of lime and mag- 
nesia, in particular, are very commonly *met with in 
plants. It will bd proper to enumerate briefly the 
artificial sources of these inorganic substances, and 
to consider the best method of supplying them to the 
soil. 

871. Lime is a very common ingredient in plants, 
and is also found in almost all fertile soils ; the ad-> 
dition of lime or qalcareous matter, therefore, to soila 
which are destitute of it, or contam but very little, in- 
variably improves them. Lime is added to the soil 
pure, in the form of quick and slaked lin^ ; as a car- 
bonate in the various forms> of chalk, limestone, marl, 
shell'Sand; as a sulphate in gypsum and plaster- 
stone ; and as a phosphate, in bones, native phos- 
phates, and the various organic manures already 
referred to. 

^ 872. When quicklime is spread over the surface 
of land, other effects are produced besides the mero 
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addition of carbonate of lime. The quicklime soon 
absorbs moisture, and crumbles to powder, it then 
gradually absorbs carbonic acid from the air, and re- 
turns to the state of carbonate (235). The chalk 
which is thus formed is in a state of very fine pow- 
der, and becomes more thoroughly mixed with the 
soil than it could be by ordinary means ; but at the 
same time the quicklime has greatly assisted in pro- 
motitig the decompoeition of inorganic and organic 
matters in the soil, and probably caused the formation 
of a small. quantity of nitrate of lime, a salt of some 
value as a manure. 

873. Caustic lime possesses the power of gradually 
efiecting the decomposition of earthy and alkaline 
silicates in the soil, combining with alumina and silica, 
and setting free the potasb which they contain ; con- 
sequently, one of the most important of the chemical 
effects produced by the action of lime upon the soil 
is that of rendering, useful a portion of the potash 
which it previously contained in an insoluble, and 
therefore useless state. 

' 874. There is great difference in the value of dif- 
fei^nt kinds of lime for this purpose. All limestones 
which consist merely of carbonate of lime yield ptire 
caustic lime when burnt (119), but many limestones 
contain a portion of carbonate of magnesia, and 
these when burnt yield a mixture of caustic lime 
and magnesia. Such lime is in general objectionable 
as manure. '^ It is probable that the tendency which 
magnesia has to remain caustic for a long time, ab- 
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sorbing carbonic acid but slowly from the air, is the 
cause of this (248). Limestones which contain much 
alumina and oxide of iron do not burn into good 
lime, because the lime and clay partly unite and form. 
a kind of slag. 

875* Chalk, shell-sand, and indeed shells them- 
selves, which consist of carbanate of lime and a small 
quantity of animal matter, are useful additions to all 
soils which contain but little lime. Quick or caustic 
lime is especially useful in soils rich in humus. Soils 
of this kind generally contain a small quantity of 
acid, which greatly interferes with their fertility; 
this acid is neutralized by the addition of .lime. Both 
lime, and likewise its carbonate, are valuable addi- 
tions to soils containing sulphate of iron (289, 663). 
That salt which is hurtful to vegetation, is decom- 
pose4 by lime; gypsum is formed, whilst the iron 
remains as an oxide or carbonate. ^ 

876. Sulphate of lime, or gypsum, is likewise a 
very useful addition to all soils which do not natu- 
rally contain it. It is partly useful as supplying Ilme^ 
and sulphuric acid, and partly a^ serving to fi:ie am- 
monia from the air (794), and thus yielding plants 
more of that substance than they could otherwise 
obtain. Gypsum is sometimes employed after being 
burnt, and sometimes, unburnt ; the only use of the 
burning is that it renders it very easily crushed, the 
gypsum in fact falling to powder when burnt. This 
operation is rather roasting, than burning, because. 
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if too strongly heated,-it loses its -property of again 
absorbing water. 

877. ' Phosphate of lime is found native as a min- 
eral in Spain and other countries ; it certainly forms 
a most valuable manure for poor soils. - As phos- 
phate of lime is found in nearly all plants, all sub- 
stances containing" it are useful as manures (732). 
The native phosphate of lime has, as yet, hardly 
come into use at all as a manure, in consequence of 
the expense of collecting and parrying it to any dis- 
tance. Phosphate of lime exists abundantly in bones 
(595), and in smaller quantity in all organic ma- 
nures, and in the ashes of plants. A minute quantity 
of phosphate of lime is found in many = rocjcs, and m 
particular kinds of chalk and marl, which are conse- 
quently valuable additions to the soil. The, copro- 
lites, and other forms of fossil manure which hafe 
been so much talked of, of late, contain a considerable 
quantity of phosphate of lime ; large deposits of these 
substances exist in various parts of tke country. 

878. There are no mineral manures which contain 
phosphate of magnesia ; it exists in many soils, and 
in a good many organic manures. Bran contains a 
considerable quantity of this Salt. Magnesia, in its 
pure an4 caustic itate, appears to be hurtful to 
plants, but some of its salts are useful ; thus, sul- 
phate of magnesia, or Epsom salts, has been found a 
valuable manure for potatoes, &c. 

879. Ashes of all kinds constitute an. important 
class of manures. They are of value for the char- 
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coaly lime, phosphoric acid, asd alkaline . salta which 
they coatain. The ashes of organic substances, such 
as the ashes of wood and vegetable matters, consist 
principally of those substances which plants require. 
Kelp, or the ashes of seaweed, consists . of similar 
saline compouitds, generally containing more alka- 
line salts than the ashes of common land plants. 
Soap-maker's ash, which consists of the insoluble 
part of wood-ash, contains a considerable quantity of 
phosphate of lime, and is consequently a valuable 
manure (890). 

880. The ashes of turf^ peat, and weeds, consist 
of pretty nearly the same substalices as the ashes of 
trees and other plants; they therefore , constitute 
valuable manures. The, good effects which have been 
produced by paring and burning, are in great part 
due to the charcoal and saline matters which are 
spread over thQ soil in the form of ashes. The earth 
which adheres to the roots and plants burnt in this 
process acquires ^considerable power of condensing 
ammonia from the air (162). This is. because burnt 
clay, or clay which has been strongly heated, has ^ts 
mechanical properties very greatly altered, and ac- 
quires the property of absorbing ammonia in largo 
quantity. ]When dry burnt clay, which has been 
exposed to the air for some time, is moistened or 
breathed upon, it gives out a very perceptible sm,ell 
of ammonia. . . 

881. The ashes of coal are of 1^8 value. as manure 
trhan most other ashes; they do not contain alkali or 
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phospbonc acid, but <?onsi8t of silica, alumina, oxide 
of iron, and a Bmall quantity of sulphate of lime. 
Their chief value appears to consist in the charcoal 
and sulphate of .lime which they contain. 

882. Although charcoal has been spoken of as 
undergoing no change whatever utider ordinary cir- 
cumstances ^(90), and as having no tendency to oxi- 
dize or form carbonic acid when exposed to the air, ' 
yet in some conditions when exposed to ihoisture, 
warmth, and air, the more porous Jcinds of charcoal 
do slowly and gradually form carbonic acid; and this 
action appears to go on more rapidly when charcoal 
is mixed with humus (672) and other decaying organic 
matters.^ 

8S8. Waste charcoal of all ki^ds is useful as 
manure^ . particularly in close and retentive soiU; 
hepce it is often the custom to burn or char sawdust, 
brushwood, and dry vegetable rubbish: a mixture of 
ashes and charcoal is thus obtaiued, which is more 
valuable than that which is left when suob matters 
are entirely burnt to ashes. For various purposes in 
the arts, such as the manufacture of gunpowder, that 
chatcoal is best which contains the least quantity of 
inorgBtnic matter, but for manure it is just the re- 
verse (J62). 

' 884. In x;onneetion with ashes, soot, and the refuse 
of gas-works may be mentioned, although very dif- 
ferent in their nature. Soot consists principally of 
finoly^divided charcoal or carbon, but it contains s^ 
considerable quantity of salts of ammonia; hence it 
28 
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is a powerful and raluable manure. If a little quick- 
lime is mixed with soot, the salts of ammenia will be 
decomposed, and the strong pungent smell of ammonia 
becomes evident. For this reason lime and soot 
should not be used together as manure : tbe objection 
of course does not apply to the use of chalk and 
soot. 

885. Soot contains a good deal of the ammonia 
formed during the combustion of coal, but, in con- 
sequence of its Yolatility, a consideriable portion is 
lost. In the process for making gas, where coal is 
roasted in close iron vessels, all the ammonia is saved 
and is condensed' by means of cold water. The gas 
is made to bubble through a quantity of water: this 
condenses the ammonia, and constitutes what is 
termed gas liquor, or the ammoniacal liquor of the 
gas-works. It is a solution of ammonia, partly caus- 
tic, and part]y combined with carbonic acid and 
sulphuretted hydrogen (183). 

8^86. Ammonaical liquor is a strong and excellent 
manure, resembling in some respects the manures 
formed by the decay' of aniinal substances. As ob- 
tained from the gas-works, it is almost always too 
strong to be used us a manure for grass-lands -or 
crops, and ipust be diluted with four or six times its 
bulk of water. Gas liqnor may also be conveniently 
nsed, mixed with green vegetable manures, the de- 
composition of which it greatly facilitates (864). ' 
• 887. In consequence of 1;he volatility and caustic 
nature oS free ammonia, it is found advisable for 
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most parpoB0g to fix tbe ammonia of gas liquor* 
This may either be done with an acid, with gypsum, 
or sulphate of iron (792, 794) : a cheap acid like the 
salphurie is, generally speajcing, the most conyenient. 
Oas Qquor resembles putrid urine, inasoMch as it is 
verj tich in ammonia; but it differs from it in not 
containing the fixed alkaline, and earthy salts which 
that manure does. 

. 888. As the strength of gas liquor mainly depends 
on the salts of ammonia which it contains, and as the 
relative quantity of these salts varies considerably, it 
i» difficult to state the exact quantity of any acid 
necessary to neutralise the ammonia; the average 
quantity of strong sulphuric acid requisite for this 
pui:pose is from 20 to 25 lbs. for every 100 gallons 
of gas liquor ; a little excess. of acid hardly ever does 
any harm, as it immediately becomes neutralized by 
lime, &c.^ in the soil. 

889, Potash and soda, as has been several times 
stated, are very commonly found in plants, and con- 
sequently, are important constituents of manure; they 
both exist inmost soils, though present but in small 
quantity, and are generally combined with silica and 
other earthy substances; these .compounds are slowly 
and gradually decomposed by the carbonic acid of 
the air (651); their decomposition may be artificially 
assisted by the action of lime (873); the principal 
saltaof the fixed alkalies used as manures are the 
carbonates, muriates, nitrates, and sulphates. _ - 

890« The ashes of some plants contain % very large 
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qtiantitj of carbonate of potash : in fact, tbe potash 
of commerce, tbe chief source of tbe alkali, is tbe ash 
of trees; whiLst kelp, the ash of sea^plants, consists 
chiefly of carbonate of soda. Both pot-asbes and kelp 
are good nfEinures in moderate quantity, but their 
value dependb as much on the earthy phosphates 
which they contain as on their alkaline salts. 

891. Muriate of potash or chloride of potassium 
is sometimes used as a dressing for grass-land. The 
petre salt of tbe nitre-reflners contains a large quan* 
tity of this salt. It iised formerly t6 be obtained in 
large quantities by the soap-boUers, who mixed salt 
with their potash soap; the salt was decomposed and 
a hard soda soap and chloride of potassium in solu- 
tion were the results. The soap-maker's spent lees 
were considered a yaluable manure for grass-land, 
and were believed to destroy moss (524). 

892. Chloride of sodium or muriate of soda 
(common ^alt), is frequently recommended as a valu- 
able ihanure ; and in many soils, particularly those 
containing little chlorine, it produces very marked 
effects, when applied in moderation. It is by many 
stated that cattle thrive better on plants which have 
been manured with Sr small quantity of common salt, 
than on those not So manured. Common salt is not 
unfrequently added to dung with a view of facilitating 
its putrefaction ; it is very improbable that any such 
effect should be produced by salt, which in fact is 
more likely to retard decomposition. ' 

.893. Common salt is sometimes recommended to 
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be added to liquid manure for the purpose of fixing 
ammonia, because by partiqular processes, an4 by em- 
ploying very strong solutions, cafrbonate of ammonia 
and-i^ommon salt may be made tnutually to deeompose 
eacb other; under all ordinary circumstances, bow- 
ever, the two salts have no action on each other, and 
it is quite useless to add common salt to animal ma- 
* nures, as a fixer for ammoijiia, 

894. Salt is of course of no use as a manure on 
land near the sea-coast, or exposed to winds loaded 
with the salt of sea spray. On other land it is fre- 
quently employed, either alone or mixed with earth 
and lime; when used in the latter manner, it is 
common to make a compost, by mixing salt, earth, 
and lime, some time before it is required, and allow- 
ing the mixture to remain some time, sheltered from 
the rain, the whole being occasionally turned: such 
a mixture contains a portion of carbonate ot soda. 

895. When solutions of chloride of calcium (241) 
and carbonate of soda are mixed together, they are 
both decomposed, chloride of sodium (common salt) 
and carbonate of lime (chalk) being produced. From 
this faot it is evident that, under ordinary circum* 
stances, chalk and common salt cannot decompose 
each other; nevertheless, when chalk or lime is mixed 
with salt and moist earlh, a considerable quantity of 
carbonate of soda and muriate of lime are produced, 
an efi*ect which does not take place if ^ mixture of 
the two salts, is thrown into a quantity of water. 

28* 
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896. A mixture or compodt of lime and salt is a 
good manure; it contains carbonate of soda and chlo- 
ride of calcinm^ both of which are useful to plants. 
It 18 possible that salt when applied to land is always 
more or less decomposed in this manner, and that, 
according to the extent in which this takes place, 
salt produces a l)eneficial effect. 

897. Common salt is a necessary addition to the 
soil in the cultivation of marine plants, or such a^ 
naturally grow near the sea-shore. ^ It is also fre- 
quently used to kill insects* For all these purposes 
the most impure salt may be used; the itnpurities for 
the most part rather increase the value of the sub* 
stance as manure (252). 

898. Nitrate of potash has long been used as a^ 
manure, being found to produce beneficial effects on 
most soils, in quantities from one to three hundred 
weight per acre. The exact nature ^f the diemical 
effect produced by alkaline nitrates on plants is not 
accurately known ; but as both nitric acid and fi^ed 
alkali are separately valuable as manure, or at least 
are found to assist vegetation, we might reasonably 
expect that the nitrates should be good manures ; it 
must alwaya be remembered^ however, that -^ough 
they contain both nitrogen and alkali, they cannot 
well he used ^lone on ordinary soils, and »re best 
employed in conjunction with some othet' substance 
containing phosphoric acid. 

899. A great many rich and fertile soils are found 
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to contain n Bnmll quantity of nitrate of potash, soda, 
or lime, which appears to produce nearly the same 
effect as the salts of ammonia, rendering vegetation 
vigorous and dark colored. The way in which these 
salts are formed will be ejauly understood when we 
remember; that, whenever substances containing i^- 
trogen decay in the neighborhood of lime or alkaline 
salts, a portion of nitric acid is formed (166, 887)« 
Under these circumstances, the ammonia which would 
otherwise be. produced is oxidized, and nitric acid 
and water are formed in place of ammonia; the acid 
combines with the alkali, and nitrate of potash or 
soda results. These salts are frequently found in 
mixtures of decomposing organic manures ; they are 
formed in the same way in the soil itself. 

900. The effects produced on different plants by 
alkaline ni^tes -are very various ) to some they are 
far more beneficial than' others. Some plants, sucIjl 
as the sun-flower, tobacco, lettuce, and many others, 
always contain more or less^ of these salts. Others 
do not contain them, but When supplied with nitrates, 
are subsequently found to contain the base, without 
the acid. The soda, potash, or lime is combined 
with some organic acid, ^whilst the nitric acid has 
disappeared. It is probable that in these cases the 
nitrogen of the acid is assimilated by the plaat, or 
that it assists in the formation of gluten and albu« 
men. 

. 901. Nitrates can have bi^t very little value as 
manures on the soils which naturally :contain salts of 
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nitric acid, or wbtch, in conseqnence of the substances 
they contain,* are constantly forming nitrated On 
Boila neither containing nitratea nor other alkaline 
salts, they appear to produce very beneficial resnlts. 
It has been found that wheat manured irith alkaline 
nitrates, contains more gluten and a>U>umen than 
wheat grown in land not so manured. 

902. These remarks apply equally io nitrate of 
soda and nitrate of potash ; at least similar eflfects 
are produced by the two salts, as far as regards the 
increased formation of gluten and albumen. Kttrate 
tf soda contains weight for weight more nitrogen than 
does the nitrate of potash* It is not known in how 
far soda is able to replace potash, or whether it is 
indifierent which of the two alkalies' is supplied to 
plants. . 

903. Silicates of potash and soda hare also been 
proposed and partially employed as manures. These 
salts are easily made by melting together sand and 
carbonate of potash or soda (262); it was supposed 
that they would be particularly valuable for corn and 
grass crops, as these j>Iants contain a considerable 
quantity of silica, but the result of trials hitherto, 
made with these compounds has been such as to 
render it probable that the silica which they contained 
produced much less effect than the alkali. It appears 
that almost all soils contain silica in a soluble form ; 
and consequently that plants are always able to ob« 
tain as much silica as they require, from the soil, 
except in very rare cases. 
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CHAPTER IX. 

COMPOSITION OP PAETICULAE CROPS AND MANtJRBS. 

904. Plants differ considerably from each other 
in cheinical composition ; not only do various plants 
consist of different proportions of the proximate ele- 
ments which compose them, but also the same plant 
is found to contain variable proportions of these sub- 
stances, depending oa the peculiarities of soil, situa- 
tion, mode of cultivation, manure, and the weather, 
or season when .they were grown. In the following 
pages a brief account is given of the average mean 
<^mpo8ition of some of the principal plants which are 
.cultivated as crops. 

905. The first point to be ascertained is the relative 
proportion of water, organic matter, and inorganic 
matter in different plants. This is done by very 
carefully drying a weighed portion ; the losa which, 
it sustains indicates the quantity of water. The dry 
matter is then burnt, the weight of the ashes shows 
the proportion of inorganic matter. The chemical 
Composition of the organic matter, as well as the in- 
organic constituents, requires a separate analysis. 



834 WHKAT. ^ 

906. The average composition of wheat, grain, and 
straw is — 

GrmiB. Straw. 

Organic matter • • • 866 835 

Inorganio matter . ." . 17 45 

Water ; .... 117 120 

1060 1000 

907. According to Boussinganlt, the ultimate com- 
position of some wheftt which he analyzed was — 



Carbon 
Oxygen 
Hydrogen 
Nitrogen 
Inorganic matter 



Grain. 


. Straw. 


461 


484 


434 


. ' 389 


58 


52 


23 


3 


24 


70 



1000 1000 



908. The proporti(m of bran and flonr obtwied 
from wheat varies very considerably. The flour, as 
it is obtained from the mill, is usually sepiirated by 
sifting into four parts : namely, fine flour, which 
amounts to from TO to 80 per cent. ; boxings, from 6 
to 10 per cent, f sharps, from 5 to 7 per cent. ; and 
6 to 8 per cent, of bran. There is usually a loss of 
rather more than 8 per cent. The bran )ftlWay9 con- 
tains a considerable quantity of starch, soluble mat^ 
ters, &c. ; in the following analysis the term ;bran is^ 
used to denote the insoluble fibrous husk alone. 



WHBAZ. 



8S5 







B0fnhttadt, 


Vauquelin, 


Wheat. 


No. Manure 


Manure, Urine. 


French W. 


OdcBsa W. 


Starch 




666 


402 


710 


578 • 


Gluten 




95 


351 
14 


110 


145 


Albumen 




7 - 






Sugar 




19 


14 


47 


85 


Gum 




18 


16 


33 


49 


Fixed oil 




10 


.10 


•i— 





Soluble ph 


08- 










phates 




3 


9 


— • 


— 


Bran 




140 


142 


— 


23 


Water 




42 


42 


100 


120 



1000 



1000 



1000 



1000 



909. The inorganic substances contained in wheat 
are also found to vary greatly in composition and 
proportion from difierent sorts. of wheat. . According 
to the experiments of Sprengel, 100,000 parts of dry 
wheat cotitain 1777 parts of inorganic matter; the 
same quantity of wheat straw contains 3518 parts of 
earthy matters. These consist of the following sub- 
stances: — 



Potash « f 
Soda 
Lime 

Magnesia . 
Alumina • 
Silica i ' ,> 

Sulphuric acid . 
Phosphoric acid 
Chiorine 



Groin. 


Straw. 


?,^5 


20 


240 


29 


96 


240 


690- 


32 


26 


90 


400 


2870 


50 


37 


40 


170 


10 


30 



1777 



3518 



886 
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910. According to a more recent analysis by Way, 
a sample of white wheat from Whitfield farm con- 
tained in 100,000 parts, grain 1730, and in the straw 
4680 parts of inorganic matter. Hopeton wheat 
from the same place contained in the grain 17^0, in 
the straw 4160, and in the chaff 10,860 parts of in-^ 
organic mlatter. 10,000 parts of these ashes respec- 
tively consisted ofr-^ 





White Wheat, \ 


Hopeton Wheat, 




Grain. Straw. 


GraiQ« 


Straw. 


Silica . \ . 


'263 7050 


329 


6710 


Phosphorie acid 


. 4744 677 


4444 


705 


^ulpbario acid » 


. — 331 


trace 


559 


Lime 


. 339 353 


821 


444 


Magnesia . . . . , 


1405 329 


967 


327 


Peroxide of iron 


67 14 - 


8 


154 


Potash . , • . 


2991 1276 


3214 


1003 


Soda • • • 


187 98 


214 


85 



911. With such data it is easy roughly to calcu- 
late about the quantity of each substance tak^n off 
from the «>il with a crop of wheat. Suppose, for 
example, a crop of Hopeton wheat, consisting of 22 
owt. of grain, 30 of straw, and 15 of stubble and 
roots ; the latter, of course, remaining in the soil 
need not be reckoned. The grain, then, woul4 con- 
tain about 43 lbs., and the straw (Including 4-cut 
chaff) nearly 180 lbs. of inorganic matter ; the for- 
mer containing nearly 20 lbs. of phosphoric acid, 
14 lbs. of potash, 1 lb. of soda, and nearly 4J lbs. of 
magnesia. The inorganic matters in the straw would 
include about 120 lbs. of silica, 12;^ lbs. of phos- 



3ABL]iY. 887 

phdric aoid, 10 lbs. of sulphuric acid, 6 lbs. of mag- 
nesia, 18 lbs. of potash, and Ij^ lbs. of soda, r^vaoyed 
from each acre. 

912. The composition of barley is about — 

Grain. 
Organic matter • . . . . 825 

Inorganio matter 25 

TTater 150 

1000 

913. The proportion of the proximate elements of 
barley, according to the experiments of Hermbstadt, 
is — 

Barley. No Manure. Manure, Urine. 

Starch 625 596 

Gluten 29 59 

Albumen • . • . 1 5 

Sugar ..... 50 44 

Gum . . . i . . 47 44 

Fixed oil ... . 1 4 

Soluble phosphates . • 1 . 7 

Husk 136 136 

Water • .... 110 105 

1000 looq 

914. In the process, of malting barley (412, 69U), 
a large quantity of starch, which the grain naturally 
contains, is converted into sugar and gum. The fol- 
lowing analyses by Front show the relative propor- 
tions of these substances which he found in the raw 
and in the malted grain. By Hordein, is meant a 
peculiar kind of starch, which exists together with 

«29 
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common starch in barley. Hordein is insoluble in 
hot water, whilst common starch is readily soluble 
(826). 

Barley. Malt. 

Starch . . • . . 320 560 

Hordein 550 120 

Gluten 30 10 

Sugar 50 150 

GHm 40 150 

Resin 10 IQ 

1000 1000 

915. According to the experiments of Sprengel, 
100,000 parts of dry barley contain 2349, and 100,- 
000 parts of straw 5242 parts of inorganic matter, 
consisting of — 



Potash 

Soda 

Lime 

Magnesia 

Oxide of iron 

Oxide of manganese 

Alumina 

Silica 

Sulphuric aoid . 

Phosphoric acid . 

Chlorine . • 



Graia. 


Straw, 


278 


180 


290 


48 


106 


554 


180 


76 


trace 


14 


— 


20 


25 


146 


1182 


3856^ 


69 


118 


210 


160 


19 


70 



2349 



5242 



916. According to two analyses by Way, Chievalier 
barley contains from 225 to 243 parts of inorganic 



OAT& 
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matter in 10,000 parts of the grain, 
of the ash consisted of— 



Silica . 

Phosphorio acid . 

Sulphuric add . 

Lime 

Magnesia . 

Pe^oxid& of iron . 

Potiuh 

Soda 

Chloride of sodium 



(in. 


10,000 parts 


I. 


u. 


3273 


2360 


3169 


2601 


79 


272 


148 


279 


745 


867 


51 


9 


5077 


2743 


456 


5 


~. 


«60 



917. Oats consist on the average of — 

Organic matter . ,4 . . 872 

Inorganic matter 28 

Water • • . • . . . 100 

1000 

918. According to Boussbgault, the grain of oats 
is composed of — 

Carbon 503 

Oxygen 372 

Hydrogen 63 

Nitrogen . . ^ « ... 22 

Inorganic matter . • .... 40 

1000 

919. The proportion of the proximate elements of 
oats are (Hermbstadt)-^ 



840 



OATS. 



No Mftnore. Manure, Urine. 



Starch . 

Gluten . 

Albumen 

Sugar 

Onm 

Fixed oil 

Soluble phosphates 

Husk 

Water . 



600 


&31 


19 


U 


2 


5 


64 


50 


70 


' 57 


3 


4 


1 


6 


120 


170 


108 . 


130 



920. According to Sprengel, 100,000 parts of dry 
oats contain 2580, and 100,000 parts of straw 5740 
parts of inorganic matter, consisting of — 



Potash . 

Soda . 

Lime . 

Magnesia 

Alumina 

Oxide of iron 

Oxide of manganese 

Silica . 

Sulphuric acid 

Phosphoric acid • 

Chlorine 



Grain. 


Straw. 


150 


870 


132 


2 


86 


152 


67 


22 


14 


6 


40 


. 2 


^-" 


•' 2 


1976 


4588 


35 


-?9. 


70 


12 


10 


5 



2580 



5740 



921. According to Way, Hopeton oats contain 
:227, and potato oats 245 parts of inorganic matter in 
10,000. The composition of tke ash was in 10,000 
parts — 



BTS. 



841 







Hopeton oit. 


PoUto oit. 


Silica 3848 


5003 


Phosphorio acid 






. 2646 


1887 


Sulphurio acid . 






. 110 


10 


Lime 






. 354 


131 


Magnesia 






. 733 


825 


Peroxide of iron 






49 


27 


Potash 




^, 


1780 


1970 


Sod^ . . 






. 384 


135 


CUorideofBodinm . 






92 


7 



922* Bye co&siBts on the average of — 

Organic matter , 889 

Inorganic matter . ... . .11 

Water . , ... . .100 

1000 

928. Aecording to Boussinganlt^ the grain of rye 
consiBts of — 

Carbon . 463 

Oxygen ....... 442 

Hydrogen .64 

Nitrogen . . . . . .17 

Inbrganic matter . . .... 24 

1000 

924. The proportion of the proximate elements of 
rye is (Hermbstadt) — 

, No Manore. Manare, Urine. 
. . ... 563 502 

..... 86 120 



Starch 
Gluten 



Carried forward 



649 



622 



29* 



342 



sn. 



^ Brought forward 
Albamen 

Sugar . • » 
Gom 
Fixed oil 

Soluble phosphates • 
Husk 
Water 



No Manore. Maoure, Urine. 



649 


622 


26 


^ 35 


47 


33 


54 


46 


9 


11 


13 


4^ 


101 


108 


101 


103 


1000 


1000 



925. A<5Cording to the experiments of fiprengel, 
100,000 parts of the grain of rye contain 1040, and 
100,000 parts of straw contain 2793 parts of inpr- 
ganic matter, consisting of — 





Grain. 


Straw 


Potash \ 

Soda ) "^' ' 


. . 632 


^32 
' 11 


Lime . « . , 


. 122 


178 


Magnesia 


. 44 


12 


Alumina 


. • 24| 

. • 42' ■ ■ 


25 


Oxide of iron 


Oxide of manganese . 


. , 34 


— 


Silica . ^ • , . , 


. . 164 


2297 


Sulphuric acid 


. 23 


170 


Phosphoric acid 


. 46 


51 


Chlorine ' . . , 


.. . 9 


17 



1040 



2793 



926. According to Way, the grain of rye contains 
136, and its straw 813 parts of inorganic matter in 
10,000. The con^osition o.f the ash from the grain 
"was— 
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Silica 

Phosphorio add 
8ulpharic aekl . 
Lime 4 
Magnesia 
Peroxide of iron 
Potash 
Soda 

9271 Th6 grain of 
of abont— 



922 

3992 

17 

261 

1281 

104 

3383 

39 



mauiey or Indian com, consists 



Organic matter . ' 857 

Inorgamc matter . . « . .13 
Water . . . . . . .130 

1000 

928. According to the experiments of Pajen, dry 
maize contains— 



712 
123- 



Starch 

Glnten 1 

Albumen j * ' * ' . ' 

Fixed oil 90 ' 

<him ... . . . . , • 4 

Woody matter . . • . . . .59' 

Inorguiic matter . • ... .12 

; 1000 

929. Sprengei found in 100,000 plirts of maize 
grain 1312 parts of inorganic matter, an4 in 100,000 
parts of maize straw 398$ parts oi inorganic matter, 
consisting of — 



SUA 



&I01. 





Gnin. 


StMW. 


Potarii . . . 


. 200 


189 


Soda ' . . . 


. . 250 


4 


lime , • . , 


. 35 


652 


Magnesia 


. . 128 


. 236 


Alumina . • 


. 16 


6 


Oxide «f iron . 


traces 


4 


Oxide of manganese 


— 


20 


Silica 


. . 434 


2708 


Snlphiirio aoid . 


. . 17 . 


106 


Phosphoric acid 


. 224 


54 


Chlorine • 


. 8 


6 



1312 3985 

930. The grain of rice consists of about — 

Organic matter • 856 

Inorganic matter , .... 4 
Water ....... 140 

1000 

931. According to tlie analyses of Braconnot, rice 
contains — 



Starch . 

Gluten \ 

Albumen j ' 

Sugar 

Gum 

Fixed oil. 

Earthy phosphates 

Husk 

Water . 



Cuoltiw. 


Piadnont. 


851 


838 


36 


36 


3 


OJ 


7 


1 


1 


2} 


4 


4 


48 


48 


5Q 


7Q 



1000 



1000 
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2. Tho^more recent ezparimeBts of Payen and 
Bonssingaulty however, indicate a larger proportion 
of albnmen and glnten as existing in riCe; these 
chemists found 75 in place of 86 of those snbstanees. 
983. The dr J grain of buckwheat consists ^f, ac- 
cording to Zenneck — 



Starch . 
Gluten • . 
Sugar and gum 
Fixed oil 
HuBk : . 
Inorganic matter 



523 
1,07 

83 

4 

269 

14 

lOOQ 



934. From the experiments of Sprengel, it ap- 
pears that 1Q0,000 parts of the seed of buckwheat 
contain 1854 parts of inorganic matter. 100,000 
parts of the dry straw contain 8203 parts, consisting 
of— 









Seed. 


Straw. 


Potash . 






. 204. 


982 


Soda . 






• 330 


62 


Lime . 






I5a 


704 


Magnesia 






183 


1292 


Alumina 






. . 26 


26 


Oxide of iron 




8 


16 


Oxide of manganese 


44 


32 


Silica . 


% 


• 


114 


140 


Chlorine 


,' 


, ' , 


15 


95 


Sulphuric 


acid 


• 


. . 47 


217 


Phosphoric acid 


• 


. . 170 


288 



1354 



3203 
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9S5» !phe propartioii of sUrch^ &c.f in jseeds wbioh 
contain mach oil is, of coarse, cpaciderably ,less than 
in the grains hitherto described. The following ia 
an analysis of linseed by L. Meyer : 



Starch . 

Gluten . 

Albumen . 

Azotized matter 

Qum 

Sagar, &o. 

Coloring matter 

Besiii 

Wax 

Fixed oil . 

Husk 



J 



15 
29 
28 

151 
61 

109 

25 

25 

1 

113 

443 

1000 



986. In this analysis the quantity of oil is eon>- 
siderably below the nsoal average (938). The large 
quantity of azotized matter which exists in linseed 
explains the value of oil-cake, both in fattening cattle 
and as a manure (854). From the experiments of 
Sprengel, it appears that 100,000 parts of. linseed 
contain 2340 parts of inorganic matter, and 100,000 
parts of the stem contain 1456 parts of inorganic 
matter, consisting of— 



Potash \ 
Soda j 
Lime '• 
Magnesia 
Alumina 



Carried forward 



Seed. 


«Uilkfl 


438 


510 


630 


280 


234 


480 


2 


2 



1304 



1222 
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Seed. 


8Ulk». 


Brought forward . 


. 1304 


1222 


Oxide of iron 


. trace 


10 


Ozid« of maogenese 


— 


— 


l^ca .... 


V . 120 


20 


Chlorine 


, . 12 


20 


Sulphuric acid 


24 


66 


Phosphoric acid • 


. . 88a 


118 



847 



2340 



1456 



937. Hempseed containSy according to Bacholz — 



Albumen 










, 247 


Gum 










90 


Sugar 










16 


Besin 










16 


Woody fibre . 










. 50 


Fixed.oil 










. 191 


Husk 










. 383 


Loss in analysia • 










7 



1000 



938. The proportion of oil yielded by different 
seeds varies greatly with the year, climate, soil, &c. 
The following table shows the average proportion of 
oil obtained from 100 parts of some of the most im- 
portant oil seeds : — 



Linseed « 


22 


Almond 


30 to 40 


Poppy . \ 


. 47 to 50 


Beeeh-nut . 


15^ to IT 


Wahmt 


. 40to70. 


CJolza ; w 


39 


Hemp . 


25 


Rocket 


18 


Rape . 


33 


White mustard. .^ 


36 


Castor 


. 60 to 60 


Black " 


• 18 


OUves 


10 


Earth-nut . ' . 


45 


Sunflower . 


15 


Gold of Pleasure 


27 



848 
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939. Common field beans, according to an ana- 
lysis by Einhof, consist of (347)— 



S^roh . . K 
Albamen and legumine^ . 
Sagar | 

Gum j ' ' * 
Husk . . .. 



501 
117 

82 

100 



Water 166 

Salts and loss 44 

1000 

940. Kidney beans were found by Braconot to 
consist of— 



Starch . . . . . . • 430 

Legumine •..-... . 182 

Albumen •..-.•.•. . 64 

Sugar • . • . • • • . • . • • • 2 

Gum ...... . . 15 

Fixed oil ....... 7 

Husk 70 

Water .... . . ; ^30 

Salts andloss . . . . . ' . 10 

, ' 1000 

941. According to the experiments of Sprengel, 
100,000 parts of common beans contain 2136, and 
100,000 parts of bean straw contain 3121 parts of 
inorganic matter, consisting of— *- 

Seed. . Straw.* 

Potash . . r . .415 1656 

Soda 816 50 



Carried forward 



1231 



1706 



ra^3^ 



849 



Brought forward 
Lime 
Magnesia 
Alamina 
Oxide of iron . 
Oxide of manganese 
Silica « 
Sulphnrie acid 
Phosphoric acid 
Chlorine 



Seed. 


8trAw. 


1231 


1706 


165 


624 


158 


209 


34 


10 


— 


7 


■ — 


5 


126 


220 


89 


34 


292 


226 


41 


80 



2136 



3121 



942. Field beans, according to Way, contain 237 
in the seed, and 497 parts of inorganic matter in 
10,000 of the straw. These ashes, analyzed, were 
found to contain in 10,000 parts — 





Beans. 


Bean atraw. 


Silica . . . 


.J .42 


261 


Phosphoric acid 


2872 


49 


Salphuric acid 


. 305 


140 


Catbonic acid 


. 342 


2532 


Lime . . ' . 


. 520 


1985 


Magnesia 


. . . 690 


253 


Peroxide of iron 


trace 


61 


Potash . 


. . 5172 


8285 


Soda 


. . -54 


• ■ , 277 


Chloride of sodium 


trace 


1154 



943. The composition of ripe peas, according to 
Braconnot, ; 
80 



860 



PSAS, 



Water . . • . . . . .125 
Hask . . . . . ... 83 

Albatnen and legamine 264 

Starch .436 

Sugar .20 

Gum 40 

Fixed oil .12 

Salts and loss . . • . . . . 20 

1000 

944« Peas contHSt of about 854 parts organic, 26 
inorganic matter, and 120 parts water. According 
to Spreagel, 100,000 parts of peas coittain 2464, and 
100,000 parts of pea straw contain 4971 parts of 
inorganic matter, consisting of— - 



Potash ^ . . 

Soda . '. 

Lime 

Magnesia 

Alumina 

Oxide of iron • 

Oxide of manganese 

Silica . , • 

Sttl^hurio acid * 

Phosphoiic acid 

Chlorine 



SMd. 


Straw. 


810 


235 


739 


— - 


58 


2730 


136 


342 


20 


60 


10. 


20 


.» 


7 


410 


. 996 


53 


?37 


190 


240 


38 


4 



2464 4971 



945. White peas, according to Way, c6ntia& 197^ 
and the straw 762 parts of inorganic matter inlO,000« 
The composition of 10,000 parts of this ash was — 



lAmuu 



851 



Silica 

Phosphcrio aeid 
' Salphaiio aoid 
Oarbonio aoid 
Lime 
Magnesia 
Peroxide of iron 
Potash . % 
Soda 
Chloride of Bodiam 

946, Lentils, accordin] 
consist of — 

Starch 
' Albamen and legnmine 
Gum - . ' 
Sugar 
Hask 
Water 
Salts and loss 



Pta. 


Pm Straw. 


176 


253 


2420 


131 


470 


185 


318 


3033 


697 


4692 


666 


836 


25 


114 


4402 


387 





186 


823 


176 


analgia of Eii 




282 


' , ', 


331 


^ , 


51' 


^ , 


27 


, 


161 




. 140 


, , 


8 



1000 



947* iDt the preceding analysis of lentils, no men- 
tion is made of fixed oil. The following analysis, 
quoted hy Boussingaolt, is therefore probably more 
correct:—^ 

Starch * .400 

liCgnmine ...... 220 

Gum . . . . ... 70 

Sugar . \ • • . . .15 
Fibrous matter . . . . . 120 

Fixed oil » . . . « . . 25 
Inorganic matter . « • . . 25> 
Water and losB . . . . .125 



1000 



858 
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948. According 'to Sprengel, 100,000 parts of 
lentils contain 1528, and 100,000 parts of lentil 
straw contain 8899 parts of inorganic matter, con- 
sisting of — 



Potaah . 

Soda 

Lime 

Magnesia 

Alumina 

Qzide of iron . 

Oxide of manganese 

Silka . ', 

Salphorio acid 

Phosphoric acid 

Chlorine 



Seed. 


. Straw, 


786 


. 420 


118 


33 


57 


2040 


. 85 


119 


12 
52 " 


' ^34 


traces 


traces 


180 


686 


94 


38 


140 


480 


54 


49 



1528 



3899 



949. Common retch, according to an analysis by 
Grome, is stated to contain-r 

Starch '. . 26 

Albumen . . . • . . . - 19 ^ 
Gum, &c. . • .^ • . / ; 76 
Woody fibre ...... 104 

Water * ^ . 775 

1000 

950. According to Sprengel, 100,000 parts of 
Tetch seed contain 5101, and 100,000 parts of vetch 
straw contain 2290 parts of inorganic matter con- 
sisting of — 





P0TAX0B8, 










Onia. 


Straw 


PotMh • 


* • • • 


897 


1810 


Soda 






622 


62 


Lime 






160 


1«55 


Magneaia 






142 


324 


Alamina 






23 


IS 


Oxide of iron • 






9 


9 


Oxide of manganeBd' • 




6 


8 


Silica 


• 1 




aoo 


442 


Sulpharic aoid 


• . 




50 


122 


Phosphoric acid 


, 




140 


280 


Chlorine . 


• • 




43 


84 



«58 



dlOl 

951. A great nnmb^'of different mnalyses of 
potatoes have been published, as the rarieties of the 
tuber are found to contain very different proportions 
of starch, azotized matter, &c; The ultimate com- 
position of dry potato is (Boussingault) >-^ 

Carbon . 440 

Oxygen 447 

Hydrogen; ,58 

Nitrogen . • . * . • . 15 
Inorganic matter • • , « . 40 

1000 

952, According to the experiments of Einhof and 
Lampadius, potatoes contain: — 



80* 



854 



POTATOnS. 




Red. Kidnej. 


Sweet. PerOTian. 


Bread- 


Starch . 150 91 


151 150 


138 


Albumen, &o.> 14 8 


8 19 


^ 


Gum, &c. . 41 ^ 


— 19 


28 


Starchy fibre 70 88 


82 52 


69 


Water . 750 813 


743 760 


745 








1000 1000 


1000 1000 


1000 



953. !the composition of good potatoes raries from 
about 10 to 25 starchy 8 to 8 fibre, 2 to 4; gum, 1 to 
2 azotized matters (albumen, &c.) and 70 to 80 parts 
of water per cent. 

954. According to Sprengel, 100,000 parts of dry 
potato .tuber contidn 3653 parts; and 100,000^ of 
potato hauhn, 4786 parts of iaorganio matter, con- 
sisting of-^ 



Potash . 
Soda 
Lime 
Magnesia 
Alaniuia 
Oxide of iron 
Oxide of manganese 
Silioa . k 
Sulphnric. acid 
Phosphoric acid 
' Chlorine 



Tubers. 


Haalm. 


129^1 


138 


748 


0(?) 


105 


29?8 


104 


,488 


16 


52 


9 


68 


trace 


44 


27 


801 


174 


245 


• m 


32 


50 


0(?) 



2653 



4786 



955. The batatas or sweet potato of the West India 
Islands, contains, according to 0. Henry — 



A&TIOHOKB. 



8S5 



Stavch. . . . . • 

Albumen 

Sugar • . 

Cellular matter - 

Fixed oil 

Malic aoid, aad salts 

Water 



133 
9 
33 
68 
11 
14 

732' 

1000 

d56» The ultimate composition of the tubers and 
stem of the Jerusalem artichoke, according to Boits- 
singault, is — 

Tuber> Steal, 

Carton ... . . . 433 457 

Oxygen ..... '433 457 

Hydrogen • . • . ,58 54 

Nitrogen . ... • •^ 16 4 

Inorganic matter ... 60 .28 

WOO^ 1000 

9^7« The tubers, according to the analysis of 
Braconnot, contain a peculiar yarietj of dtarch, to 
which the name of Inulin is given. The tubers were 
found to contain—^ 

Starch (InuMn) . . . . .30 

Albumen ^ « 1^ 

Sugar, uncrystallizable .... 148 
Gum . . . . . • . 12 

Fixed oil . ^ . . . * .1 

Woody fibre ... . . ... 12 

Inorganic matter .17 

Water . . . . / . .770 



1000 
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958. Jerosalem artichoke, according to Way, con* 
tains in the tubers 179 parts, in the stem 194, and in 
the leaver 1500 parts of inorganic matter per 10,000. 
These diree ashes contained respectively in 10,000 
parts — 

Tobvr. Stems. Leavei. 

Silica . . \ 150 151 1725 

Phosphorie acid . 1699 297 61 

Salphurie acid . ^77 323 221 

<!arbonio aoid . . 1180 . 2540 2431 

Lime .... 334 2031 4015 

Magnesia . .130 191 195 ' 

Peroxide oflron .45 88 114 

Potash . . . 5589 3840 681 

Soda . . . . — 69 372 

Chloride of sodimn . -^ 468 182 

Ohloiide of potassium 488 «— ' — 

959. The b^lhs of the Ozalis crenata were fonnd 
by Payen to contain — 

Starch . , *. ». , . . i 85 
Albumen . • . ... . 15 .. 

Gum, &o. . . . ... * 55 

Woody fibre ... . . . '" - 44 

Water 861 

lOOO 

960. Common cabbage consists of abont 62 parts 
of organic matter, 7 of inorganic matter, and 931 
parts of water, According to Sprengel, 100,000 
parts of dry eabbage contain 7546 parts of inorganic 
matter, consisting of— 



TITEHIPtU 



857 



PoWrft . . , 




, 






2370 


Sodtk . , . . 




** * 




. 1154 


Lime 








1747 


MiEigneflla 










22 


Alumina • . . 






. 




17 


Oxide of iron . 










. 8 


Silica . 










. 210 


Salphurio aoid: 










. 959 


Phosphorio acid 










. .786 


Chlorine . 










274 



7546 



961. The composItioB of turnips and Swedes is 
very nmilar; they ccmsist af the same proximate 
elements united in nearly the same proportions. The 
following table shows the comp6Sitbn of three varie- 
ties' according to Hermbstadt : — 





> Swede. 


White. 


Cabbage 


Starch and fibre . 


. 53 


72 


60 


Albumen . 


20 


25 


25 


Sugar . • 


90 


80 


90 


Oum « . • . 


30 


25 


35 


Inorganic matter 


5 


& 


5 


Water 


800 


790 


780 


Loss • . 


2 


3 


5 



1000 woo 1000 

962. Dry turnip, according to Boussingault, con-* 
sistsof— 

Carbon . 429 



Oxygen . 
Hjdrogen 
Nitrogen 
InoTganii) matter 



423 
55 
17 
76 



1000 
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963. According to the tome chemist, 100,000 
parts of dry turnip contain 6226 parts of inorganic 
matter, consisting of— 

Potash , 2610 

Soda 317 

Lime . . • . . . . .844 
Magneua . / . . . • .333 
Alomiita and oxide of iron • . » 93 

Silica 490 

Sulphttrio Acid « . . . . 844 

Phosphoric Acid 465 

Chlorine. .224 

, . , ' 6226 

964. AoccHrding to two mor^ recent analyses of 
Way, Skirving' S.Swede contains in the bulb 76 and 
88 parts inorganic matter, and 161 and 195 in the 
top. The composition of these ashes was per 10,000 
parts-^ 





Top. 


Bulb. 


Top. 


Balb. 


Silica - . . 


. . 411 


163 


114 


173 


Phosphoric acid • . 


. 654 


' 1251 


621 


. 1017 


Sulphuric acid » 


. 650 


1126 


1220 


1553 


Carbonic add . 


• 6X6 


954 


1297 


1196 


Lime «. ... 


. . 2399 


1136 


3038 


1433 


Maguesta . . . 


. . 292 


244 


318 


327 


Peroxide of iron 


. . 190 


28 


66 


51 


Potash 


. 2063 


3616 


a)79 


2688 


Soda . . . . 


• ^~" 


499 


-^ 


1331 


Chloride of sodium . 


. 1769 


977 


1031 ' 


219 


-Ohloride of potassium 


. 97T. 


— . 


209 


. — 



965. The same chemist found in the ^een-topped 
white turnip, in the tops 182, and in the bulb 50 



BB]Rr^iiAir0a]>wirKZBL. 
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parts of inorganic matter. 
. aahes gare-* 



The analyses of these 





Top. 


Bulb. 


sniM . . 


. . . 20S 


96 


Pfaoaphorio Mid 


. 315 


765 


Solfilkario a«id 


- . 788 


1286 


Owbonio acid 


, . 1464 


1482 


lime . •• 


, . .2873 


673 


Mttgnesift . . 


. . 285 


226 


Peroxide of iron 


. . . 80 


66 


Potash . . 


. . 1268 


48S6 


Chloride of sodiun 


~ . .1067 


544 


Chloride of potusii 


in .. 1656 


— 



966. Oommon beet and mangel-wurzel, also, are 
Terj similar in composition. The following table 
€dMws the composition t^ four rarieties : — 



Red Btangel-wtirzel 
CMtelnaodairy beet 
White sagftf beet 
Bsssano be^t . 



Orgafiid matter. Inoifani« matter. Water, 
. 88 ' 11 ^ 901 

• J39 . 11 850 
e 120 . 11 869 

• 116 U 873 



967. AccordiBg to Boussingault, dried field beet 
consists of— 



Carbon • . • 

Hydrogen • 
Nitrogen • 
Inorganic matter 



428 

. 434 

58 

17 

63 

loocr 



. 968. According to the experiments of Sprengel, 
100,000 parts of dry beet root contain 6986 parts of 



860 
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uMMfganie matter, and 100,000 {mmtIs of the 
leaves contain 15,439 parts, consisting o£ — 



Potash 

Soda 

Liiiie • • 

Magnesia • 
Alumina . 
Qtide of inm. 
Oxide of manganese 
Silica 

Chlorine . 
Snlphmic acid . . 
Phosphoric add 



dry 



Koot. 


Leare*. 


1481 


5600 


ms 


3290 


285 


2316 


139 


. 839 


ae . 


130 


58 


50 


m 


, 60 


105 


• 425 


S80 


1064 


123 


975 


I6T 


690 



5986 



15,439 



969. The yeUow globe mangel^'irnnd contains, ae* 
cording to Way, 102 parts of inorganic matter in the 
Why and 140 in its top; The Ipng red contains ia 
the bnlb 64, and in the top 179 parts of inorganic 
matter in 10,000.- These ashes analyzed were fonnd 
to contain rei^ctiyely, in 10,000 parts — 





Yellow globt. 


^ Lob 


grod. 




Top. 


Bttlb. 


Top. 


SMh. 


Silica . 


. 235 


222 


226 


140 


Phosphoric acid. 


. 589 


44» 


619 


165 


Sulphuric acid . 


654 


368 


. 46(J 


314 


Carbonic acid • 


692 


1814 


^45 


1523 


Lime 


. ■ . 872 


179 


817 


190 


Magnesia . 


. 984 


176 


70S 


179 


Peroadde of iroi^ 


146 


74 


96 


52 


Potash . 


834 


2354 


2790 


2168 


Soda 


. ia2i 


1908 - 


'301 


313 


Chloride of sodium. . 


. 3766 


2454 


3439 


4951 



CABROt. 



891 



970. Tbe carrot, aocording to Hermbfitadt and 
Einbof, contains-^ 



Staircli 

Fibre 

Albumen 

Gum 

Sugar 

Volatile oil 

Water 



EiBhof. 


Hermbctiidt. 


3 


_ 


46 


90 


9 


11 


— 


18 


81 


78 


— 


4 


861 


7W 



1000 



1000 



971. According to Sprengel, 100,000 parts of dry 
carrot contMn 5090 parts of inorganic matter. 
100,000 parts of tbe leaves contain 10,420 parts 
consisting of — 

Potask 

Soda 

Lime 

Magnesia 

Alumina 

Oxide of iron 

Oxide of manganese 

Silica 

Chlorine 

Sulphurio acid 

Phosphoric acid 

6090 10,420 

972. Two samples of wbite Belgian carrot, accord- 
ing to Way, contained respectitely, in tbe root 77, 
and in tbe top 582 p^rts oi inorganic matter; and 82 

81 ' 



Root. 


LMtvet. 


2718 


8236. 


709 


921 


505 


5050 


295 


398 


30 


78 


25 


15 


46 





105 


454 


54 


22^ 


208 


1082 


395 


9«3 



863 
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pftrts in the root, and 420 parts of inorganic matter 
in 10,000 parts of the top. These ashes contained—-* 

I. n. 

Top. Root. Top. Root. 

Silica . . . 739 76 183 110 

Phosphorio acid • 255 837 112 786 

Sulphuric acid . . 268 634 457 695 

Carbonic acid . . 1629 1515 2275 1772 

Lime . . . 3498 976 2950 826 

Mf^gpeaia . . . 250 378 303 320 

Peroxide of iron .406 74 90 166 

Potash ... 728 3755 753 2800 

Soda . . .. 946 1263 1069 1753 

Chloride of sodium . 877 491 1714 765 

973. The parsnip, consists ofr- 

Organic matter . . . • . . 195 

Inorganic matter 12 

Water 793 

1000 

974. According to Crome, the parsnip contains — 

Starct . . ... . . . .^ 18 

Albumen ... . , . . .21 

Gum • * 61 

Sugar . . . . . ^ . . 55 

Fibre .51 

Volatile 6il . . ... . ., .trace 

Water . . . . " • • . " . 794 

1000 

■« 

975. From the experiments of Sprengel, it appears 
tliat 100,000 parts of dry parsnip roots contain 4643 
parts of inorganic matter* 100,000 parts of the dry 
leates contain 15,661 parts consisting of—* 





OLOVltB* 




868 




Root. Leaves. 


Potash . . . * . 


2310 3207 


Soda 








780 2448 


Lime 








620 4160 


Magnesia • 
Alumina . 








300 473 
26 132 


Oxide of iron . 








5 . ' 9 


Oxide of manganeta 
Silica . . 








180 1400 


Chlorine . 








198 . 950 


' Sulphuric acid . 
Phosphoric acid 


• 


• 




213 1198 
111 1784 




4643 15,661 


97&. Clover, according to the 


analysis of Botts- 


singault, consists of — 




Carbon 


. . 474 


Oxygen . . 
Hydrogen . 
Nitrogen 
Inorganic matter , 


• 
• 


• 

• 
• 


• 
• 
• 


378 
. . 50 
. . 21 

. . 77 



1000 



977. The composition of white and red clover, as 
given by. Crome, is — 



Starch 
Albumen • 
Gum 

Sugar • ^ 
Woody ibre 
Wax and resin 
Earthy matter 
Water 



White. 


Red. 


10 


14 


15 


20 


34 


35 


15 


21 


115 


139 


2 


1 


8 


10 


800 


760 



1000 1000 
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97ft. According to Sprengel, 100,000 parts of 
white cloyer io the fresh state contain 1736 parts of 
inorganic matter, consisting of — 

Potaah 590 

Soda . . . . . . .110 

Lime .446 

Magnesia ....... 58 

Alumina . 36 

Oxide of iron 12 

Oxide of mapganese — 

Silica . . . . . . .280 

Chlorine . . . . ; . . 40 

Sulphuric acid 67 

l^hosphoric acid . • " • . .96 

1735 

979. According to Way, 10,00ft red clover con- 
tains 695, and white clover 765 parts of inorganic 
matter. These ashes analyzed were found to con- 
tain— 





Red dorer. 


White doTer, 


Silica . . . . 


. ' 334 


• 368 


Phosphoric acid 


, ^35 


1153 


Sulphuric acid 


. 418 


721 


Carbonic acid 


. 1693 


1803 


Lime . . . . 


. 3539 


2641 


Magnesia 


. .1122 


815 


Peroxide of iron . 


. 97 


196 


Potash . . 


. 1485 


1433 


Soda 


. . 140 


372 


Chloride of potassium 


. 236 


494 


Chloride of sodium . 


. 296 


«- 
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980. The oompontion of Loeern, aeoording to 

Crome, is — 

fitcirch . 22 

Albumen 19 

Gtim .44 

Sugar 8 

Woody fibre 143 

Wazandreein 6 

Earthj matter 8 

Water 750 

) 1000 

981. Acoording to SproBgel, 100,000 parts of 
fresh Lacern contain 2580 parte of inorganic matter, 
consisting of — 

Potash 362 

Soda 166 

Lime . . 1304 

Magziesia 94 

Alumina ...•«•• 8 

Oxide of iron 7 

Oxide of manganese . • • • — 

Silica . ' , . . . . . 90 

Chlorine ... • . . ' . . 86 

Sulphuric acid • « • • • • 109 

Phosphoric acid . . • • • 353 

mo 

982; According to Sprengel, 100,000 parts of 
fresh saintfoin or esparcette contain 1671 parts of 
inorganic matter oon^isting^ of— 

31* 



866 
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Potoih ,. , 494 


Soda . . . 






, 105 


Lime . •' . 






527 


Magnesia. • • . 






69 


Alumina .... 






. 16 


Oxide of iron . . . 






traces 


Oxide of manganese 






— 


Silioa . . . , 






. 120 


Chlorine 






S8 


8alphurio acid . 






82 


Phosphorio aoid 


'' • 1 




220 



1671, 

983. Saintfoin in floirer, according to Way, con- 
tains 565 fyarts, and, in seed, 570 parts, of inorganic 
matter. These ashes consisted of — 









Ia flower. 


In seed 


Silica 322 


349 


Phosphorio acid 






. 935 


797 


Sulphuric acid 






.328 


• 233 


Carbonic acid 






. 1520 


1736 


Lime 






, 2430 


2967 


Magnesia 






. 503 


459 


peroxide of iron 






61 


58 


Potash . 






3190 


2961 


Soda 






— 


125 


Chloride of sodium 




. ■' 78 


312 


Chloride of potassiui 


n 




624 


— 



984. :Hay« According to the experiments of Boqs- 
singault, 10,000 parts of good mewlow haj contain 
547 parts of inorganio matter, consisting of — 



HAY. 



867 



Potash 

Soda 

Lime 

Magnesia 

Oxide of iron . 

Silica 

Sulphuric acid • 

Phosphoric acid 

Chlorine 



985. 10,000 parts of Italian 
according to Way, contain 616 
SS6 parts of inorganic matter, 
tained in 10,000 parts — 



130 
10 

107 

43 

& 

189 
16 
32 
15 

&47 



rye-grass in flower, 

parts, and, in seed, 

These ashes con- 



In f}ow«r. 


InievI 


5918 


6062 


. 634 


632 


282 


131 


995 


1229 


-223 


264 


78 


30 


1245 


1077 


398 


13 


227 


558 



Silica 

Phosphoric acid 
ISulphuric acid 
Lime : 
Magnesia 
Peroxide of iron 
Potash . 
Soda . . 
Chloride of sodium 



986.- As has been several times stated, the exact 
relative prop6rtions of these difi^rent constituents of 
plants vary very considerably, depending on s^il, 
climate, manure, ftc* Thus, for example, mangel* 
worzel root contains^ from 9 to 11 parts of inorganic 
matter in every 1000 parts; oy, abstracting the water, 
from 87 to 150 parts in the dry root; hence it is easy 
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to see that a crop of 25 tons may in truth take more 
inorganic matter out of the land than one of 80 tons ; 
and that the mere weight of the crop is no proof of 
the extent to which it has ezhaosted the soil. 

987. This effect is quite independent of the mere 
quantity of water in the crop, because the same result 
is shown when we ascertain the relation which exists 
between the .inorganic matter and the dry organic 
matter which the plants contain; in different crops of 
mangel-wurzel it is found that the quantity of dry 
organic matter which is formed for every 100 parts of 
inorganic matter absorbed from the soil, varies from 
668 to 1046. 

988. It. is consequently evident that, in order to 
raise the most profitable crops, we must endeavor to 
obtain the largest possible quantity of useful veget- 
able matter, with the smallest relative proportion of 
inorganic matter. This is a subject of the greatest 
practical importance, and one well worthy of the 
attention of scientific agriculturists. 

989. Having now briefly stated the average com- 
position of some of the most important plants culti- 
vated as crops, it may be useful to ^nter shortly into 
the composition of the most common substances em- 
ployed as manure, in order more fully to show the 
relation which exists between plants and the manures 
employed in their cultivation. Of the timple animal 
manures the most important are dung, urine, and 
bofies. 

990. The dung of sheq) (according to Zierl) Con- 
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sists of 291 parts dry organic matter, 80 part b inor- 
ganic matter, and 679 parts water. The earthy 
matters consist of about half silica, H quarter carbon- 
ate and phosphate of lime, afid the remainder alka- 
line salts. The urine of the sheep consists of 28 
parts organic matter, 12 parts inorganic matter, 
and 960 parts water, containing a portion of am- 
monia ; because even in fresh urine a portion of the 
azotized matter which it contains, is generally begin- 
ning to decompose and form ammonia* 

991. Fresh cow dung (according to Boussingault) 
^sonsists of 124 parts dry organic matter, 17 parts 
inorganic matter^ and 859 parts^ water. . The inor-. 
ganio matter contains two-thirds of silica, i\early 
one-third of earthy phosphates, and a small quantity 
of alkaline salts. Cows' urine consists of 58 parts 
dry organic matter, 21 parts inorganic matter^ and 
926 parts water (Sprengel). 

992. The composition of cows' urine, and the 
nature of the changes which it undergoes when suf- 
fered to putrefy, either alone' or diluted with water, 
are shown in the following table (Sprengel) : — 

Treth. Putrefied. Putrefied. 







Alone. 


With water. 


..Urea \ . . \ 


4000 


1000 


600 . 


Albumen 


10 


— 


— 


Mucas .... 


190 


40 


30 


Benzoic acid 


90 


250 


120 


Lactio acid • • ^ 


616 


■ . 500 


500 


Carried forward 


4806 


1790 


1250 



870 
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Preah. 


Fotrefied. 


Potrefied. 






Alone. 


With water, 


Brought forward 


4806 


rm 


1250 


Cftrbonic acid 


6256" 


165 


1533 > 


Ammonia . 


205 


487 


1622. 


Potaah 


664 


664 


664 


Soda . . . i 


554 


554 


554 


Silica . 


36 


5 


8 


Alumina 


2^ 


— 


— 


Oxide of iron 


4 


1 


— 




i 


•. — 


— 


Lime . 


65 


^ 


8 


Magnesia . • 


36 


22 


30 


Chlorine 


272 


272 


272 


Sulphorie acid • ' < 


405 


388 


332 


Phosphoric acid . 


70 


26 


46 


Acetic acid, or vinegar 


— 


1 


20 


Sulphttret|»d hydrogen 


T- 


1 


30 


insoluble earthy phos- 


— 


180 


150 


phates and oarbonates 




/- 


Vater . . . 


92,624 


95,442 ; 


93,481 



100,000 100,000 100,000 

993. Fresh horse dang consists of 284 parts dry 
organic matter, 18 parts inorganic matter^ and 698 
parts water. Of the inorganic matter about one- 
ninth is carbonate and phosphate of lime, one^twelfth 
alkaline salts/ and the remainder silifa- (Zierl). 
Hotses' urine consists of 27 parts dry* organic 
matter, 88 parts inorganic' matter, and 940 parts 
water. 

994. Fresh pigs' dung, consisting of the ez<ure- 
ment atid urine together, contains 93 parts dry 
organic matter, 87 parts inorganic matter, and 820 
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parts water. Pigs' urine eontains 66 parts dry 
organic matter, 18 parts inqrgania matter, and 926 
parts water (Sprengel)* The inorganio matters con- 
sist chiefly of alkaline salts. 

9d5.. Human excrement (acco^rding to Berzeliue) 
contains 227 parts dry organic matter, 100 parts 
inorganic matter, and 783 parts water. Its consti- 
toents are — 

Albamen .9 

Eztraetiye ...... 27 

MucQB, fat, resin 140 

Bile ........ 9 

Vegetable remains . . . . . 70 

Soluble salts . . . . , . 12 

Water . . . ... .733 

1000 

996» The inorganic matter contained in 1000 parts 
consequently weighs 150, ajid contains 100 parts 
earthy phosphates, 12 parts carbonate of Boda, 8 
parts snlphate and phosphate of soda, and sulphate 
of potash. 

997. Human urine (aqcording to ^erzelius) con- 
sists of 49 parts dry organic matter, 7 parts salts of 
ammonia, 11 parts inorganic matter, and 933i parts 
water. Its composition in detail is-*^ 

Urea 3010 

Mucus . . . . . . . 32 

Lactio actdy lactate of ammonia, animal ) \'j\^ 
matter insoluble in alcohol . . J 

Carried forward, - . . . 475a 
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Brought forward,^ . 
Chloride of sodium 


. . . 4756 
.. . • 445 


Sulphate of potash 
Sulphate of soda . 
Phosphate of soda 
Phosphate of smmoaia ^ 
Muriate of ammonia « 


371 

316 

. . .. 294 

. v; . 165 


Earthy phpepbatea. 
Uric acid . 


. . .100 
100 


Silica . . ... 


. . 3 


Water . . . . , 


. . d3,300 



100,000 

998. The composition of bones varies considerably 
in the proportion of the constituents, though all bones 
consist chiefly of phosphate and carbonate of lime, 
together with gelatine and a portion of fat. - Sheep's 
bones consist of about — 



Phosphate of Hme 


, 


• <« 


560 • 




, 


, 


130 


Organic matter • 


• 


. 


310 


- 






rooo 


999. The bones of oxen 


and 


COWS {according to 


Berzelius) contain : — 






_ ■■ • ' 


Phoisphate of lime 


■ ' ; . 


i < 


673 


Phosphate of magnesia 


. 


/ * 


20 


Soda and chloride of sodium 


• , 


35 


Carbonate of lime 


. 


, , 


39 


Fluoride of calcium . 


. 


, , 


trace 


Organiei taatt^r 


. 


. ■ . 


333 



1000 
1000. The bones of horses eontain nearly the 
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same {proportion of phosphate of lime. They cod- 
Biatof:-^ 

Phosphate of liine 546 

Carbonate of lime ... . . . . 113 

Salts . . . . . 19 

Organio matter 322 

1000 

1001. cThe bones of pigs contain 520 parts of 
phosphate of lime, 10 piu*t8 carbonate of lime, and 
470 parts organicmatter and watery those of calves, 
540 phosphate of lime^anct 460 animal '{fitter and 
water. The bones of fishes, generally speaking, con- 
tain less earthy matter than thode .Qf land animals. 
The bones of the cod-fish contain 48Q j^osphate of 
lime, ^5 carbonate of lime, 20 phospha'te^^f Qiag- 
nesia, 6 salts of soda, &nd 440 (Mrgavtc matter atid 
water. 

1002. The composition of farmyard dung, and 
all mixtares of animal and vegetable manures, is Very 
variable. The following analysis of Boussingault 
may be considered as expressing very nearly the 
averagejcompoBjtion of good yard dung : — 

r Fresh. .Dry. 

Carbon 74 353 

Hydrogen . . . . . . 9 42 

Oxygen . . . . . . 53 258 

Nitrogen . . . . . . 4 20 

Inorganic . . . . • : 67 ^ 322 

Watfer ...... 793 ^ 

1000 1000 
32 
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1003. The eompoBitioii of the inorganic part of 
Buch manure, like that of the organic, varies coa- 
aiderably. The following shows the composition of 
10,000 parts of the inorganic matter in yard dung 
(Bichardson) : — 

Potash . • . . • . . .322 
Soda ........ 273 

Lime . .34 

Magnesia ....•..• 26 

Sulphuric acid - . 327 

Chlorine ....*..; 315 
Soluhle silica . . a. . . . « 2705 
Phosphate of Hme . • • • . « « 711 

Phosphate of magnesia 226 

Phosphate of <^on 468 

Phosphate of manganese . . . ' . trace 
Phosphate of alumina (?)*•.. trace 
Cfljrbonate pf lime . . . « . .934 

Carbonate of magnesia ' 163 

Sand . . r . . . . . 3099 
Alkali and loss .397 

10,000 

1004. The putrefied dung of birds has of late 
years been much employed as manure, under the name 
of gUano. The composition of this substance varies 
greatly, according to the extent to which decomposi- 
tion has proceeded, and the degree to which it has 
been exposed to the atmosphere. The following 
table shows three different analyses of guano :— <* 



k 



avAso. 
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- 


Berteta. 


Oellaehei^ 


Ure. 


Urate of ammonia • 




32 


122 


147 


Oxalate of ammonia 




134 


177 


-32 


Oxalate of lime I 




164 


13 


10 


Ptiosphate of ammonia . 




64 


60 


143 


Pbospbate of ammonia, an 


• 


42 


116 


45 


magnesia 








Phosphatooflime . 




100 


202 


220 


Muriate of ammonia 




65 


22 


30 


Chloride of sodium . 




1 


4 


— 


Carbonate of ammonia • 




_ 


8 


10 


Carbonate of lime . 




.— 


16 


— 


Sulphate of potash . 




42 


40 


60 


Salpbate of soda . 




IX 


49 


— 


Salphate of ammonia . 




— 


— 


20 


Phosphate of soda . 




63 


— 


— 


Hamate of ammonia 




— 


n 


— 


Wax and resia 




6 


7 


— 


Sand. Insoluble residue 




.68 


17 


12 


Alqmina 




I 


• — , 


— 


Water . . . , 




227 


(43 

(93 


85 


Organic mattei* . -'- • 


186 













1000 1000 



1000 



1005. The value of guano as Qianure deplends on 
th€i anHXioiii& which ' it contains, or the presence of 
natter capable of forming ammonia by its slow putre- 
faction, and on the presence of phosphoric acid. Ko 
manure is more subject to fraudulent adulteration 
thAn guano. ' One of the most .common modes of 
doing this is by the addition of earth or briekdust. 
The presence of these substances may be roughly 
ascertained in guano by burning a portion. . l^e 



876 



W00]>-A8HES. 



ashee left b J pure gnano are white, or nearly so ; 
while, if soil or brickdust has- been added, the' oxide 
of iron, which they always contain, will give the 
ashes more or less a red-brown color. 

1006. The composition of wood-ashes varies very 
considerably, according to the wood from which it is 
obtained. The composition of three kinds of wood- 
ashes, as given by Sprengel, is : — 





Oak. 


BMch. 


Scotch fir. 


Potash . 


. 162 


221 


22 


Soda . . 


67 


dd 


22 


liime . . • 


. 174 


250 


232 


Magnesia 
Alumina 


-. 14 . 

•^1 


50 
(23) 


50 


Oxide of iron . 


.[ SI 


. 38 • 


■' 170 


Oxide of manganese 
Silioa . . ^. 


.3 

. 269 


(.38) 
55 


66 


Chlorine . 


. 24 


19 


23 


Sulphuric ^id 
Phosphorio acid 
CarboniQ acid . 


. 34 
. 19 
. 155 


77 

56 

140 


22 
28 

365 



1000 



1000 



1000 



1007* In the process for making potash ^r pearl- 
ash (199), the greater part of the soluble salts <;on- 
tained in the wood-ashes ia washed out ; the reoaainder 
is a valuable manure, and often contains a consider- 
able quantity of phosphoric acid. The refuse ashes 
from soap factories copsist of the same matters. The 
following table exhibits the ^composition of three 
kinds of ^^ lixiviated ashes," accordipg to Berthier : — 
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Oak. 


B««olu 


Seoftd] 


Lime • 


* 


. 548 


426 


423 


Magnesia . . 


• 


• « 


70 


105 


Oxide of iron 


• 


— 


15 


1 


O^ideofnHUiganeBe 


— 


45 


4 


Silica . 


, 


. -38 


58 


46 


Phosphoric acid 


•' 


. 8 


•. 67 


10 


Carbonic acid 


, 


. .396. 


329 


360 


Charcoal, &o. 


• 


4 


-- 


51 






1000 


1000 


1000 
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1008. The ashi» of peat, as might be Expected, 
contain less alkaline salts than those of wood ; they 
nsaallj contain a considerable quantity of gypsum 
(237). The following table shows the composition of 
three sorts of Dutch ashes analyzed by Sprengel : — 







BefU 


Middling. 


Iftferior. 


Potash . 


, 


2 


2 


1 


Soda 


• 


10 


39 


4 


Lime 


. 


136 


86 ' 


61 


Magnesia 


• 


49 


16 


39 


Alumina 


. 


45 


35 


41 


Oxide of iron • 


. 


. 66 


54 


41 


Oxide of manganese 


10 


43 


2 


Silica 




471 


669 . 


704 


Chlorine 




12 


30 


5 


Sulphuric acid 




72 


64 


34 


Phosphoric acid 




20 


8 


13 


Carbonic i^cid 




41 


64 


55 


Charcoal 




66 


— 


— 



1000 1000 1000 

1009. Kelp, the ashes of sea-weeds (218, 891} re- 
82* 
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Bembles wood-ashes in eontaining a large quantity of 
alkaline salts ; but it contains little or no phosphoric 
acid. The following analyses are by Dr. tire : — 

Carbonate of soda 1 
Salphuret of sodiam J * ' 

Sulphate of soda • . . • 
Chlorides of sodiam and potassium 
Carbonate of lime .... 
Sulphate of lime . . . , 
Alumina and oxide of iron . . 
Silica . . . ^ . 
Sulphur and loss % . . . 

1000 lOOO' 



RoBa. 


H6Mk 


55 


85 


19a 


80 


375 


365 


100 


240 


95 


... 


100 


90 


, '. — 


80 


85 


60 
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Absorption of manure^ 780. 
Acetate of iron, 4S9. 

— litiiv, 490, 

— ftodflj 490, 
Acetatei, 489, 
Acellc ^cid, 416. 

— feTmeniati on, 375, 393, 408 » 
478, 

Acid, nee tic, 476, 

— ben MIC, 992. 
-^ hgtyric, S7S, 

— carbonic, 37, 103, 106, 6S1, 

699,711. 
-— eitric, 496, 
^ hinniOj 679. 
^ lactic, 339, 377, 445, 670. 

— DiEit-gariCf 51^. 

— mdic, 50a. 

^^ murialic, 1S6, 216* 

~ nitric, 163,217^772, 

■— n!«ic, 516- 

-* oxalic, 130,503* 

^^ phoapboricj I9i>, 245, 

— pjrofigneousj 33^, 4S&* 

— silicic, 250. 

^- iteariCj 514, o IS, 

— HtiJphitric, 179. 

— Bnlphurous, 173, 338, 

— tartaric, 498. 
Acid, urtc, 609. 
Add a J 109. 

— organic, 493. 

— test lor, 113. I 
Action of plants ott tbo Fiif, 39, 745, 1 



ActiTo pi-inciplei, 543, 63a,. 
AdiilLeratinti of guano, 10U5* 
AJRoity, chemicaf, 3, 7* 
After dainp in minoff, 133* 
Air, 21, 39,638. 

^ containft ammonia, Ibdj 638. 

' — cootaini carbonic tcidj 37^ 
63^. 

— contain! wmt^r, 41, €38* 

— ijiJla^mmable, 81. 

— ncccKEiHry to life, 107, 606. 

— composiuon of, 26, 39, 37, 

— re«iete compresHion, 22. 

— weight of, 643 ^' 
Alabaater, 237. 
Albumen, 5r39. 

— v(^gctable, 346. 
A]coho1,3C8, 396, 403- 
AJej4£7, 

— bottled, 131. 

— ripening of, 434, 
Aii^ali, test for, 116. 

— ^ Totatile, 15 L 
Alkalief, 198. 

— Vfigetable, 543, 
Ailoyn, 311. 
Ahoortdfi, 933. 

Alum, 213,257, 457. 
Alumina, 354^ 324, 542, 654. 

— abaorbs ammonia, £54^ 

380, 
— ' in aoil, use of, 654. 

— pbospbrito of, 256, 

— silicate of, 267. 

— Bulphate of, 257. 
Aluminum, ^4. 

— oxide of, 264. 
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Ammonia^ 83, 148. 

^ abiorbed bj alamiaa, 

664,88a. 
— - absorbed by charcoal, 

iKc., 163. 

— carbonate of, 148, 164. 

— fiuogof,790,876,888. 
— > in air, 160, 638. 

— in rain-wator, 160. 

— lota t>f, 790. 
^ muriate, 166. 

— phosphate, 161) 793. 
•<- salts of, 164, 790, 886. 

— sulphate, 169^ 

— urate of, 610, 1004. 
AmmoDiaeal liquor, 164, 864, 886. 
Analjses, 17, 317, 906. 

Animal heat, 607, 787. 

— masvres, 777, 786, 796, 

799, 817. 

— principles, proiimate, 667. 
— • substances, 666,. 

Animals, breathing of, 107, 606. 

— ftttening pf, 601,614, 936. 
AnnotU, 680, 688. 

Apple Jelly, 336. 

Aquvibrtis, 163. 

Argol, 488. 

Arrack, 410. 

Arrowroot, 331* ^ 

Arteries, 606. 

Artichoke, Jerusalem, 334, 966. 

Ashes, 879. 

— lixiviated, 1007. 

— ofcosl, 881. 
-^ plants, 646. 

— sea-weed, 879, 1009. 

— turf, 680, 1008. 
Ashes of wood, 199, 891, 1006. 
Atom, 138. 

Attraction, 3, 6. 
Asote, 27, 146. 



B. 

Balloons, 68, 83: 
Bamboo, 648. 
Barilla, 218. 
Barley, 333, 413, 913. 

-^ straw, 913. 

. — sugar, 844. 



Barm, 366,441. 

Barometer, 66. 

Base, 109, 148, 198, 236, 369. 

BasUng meat, 637. 

Batotas, 966. 

Bay salt, 216. 

Bean, field, 830, 939, 943. ' 

— straw, 941. 
Beans, kidney, 940. 
Beech ashes, 1006. 
Beech nuts, 938. 
Beer, 411. 

-r Bavarian, 437. 
Beet, 966. 

Beet-root sigar, 343. 
Bell metal, 314. 
Bile, 607. 

Binary compounds, 31 6» 
Bipfaosphate of lime, S46,|^ 834. 
Biurtrate of potash, 389, 498. 
Bittern, 361. 
Black currant jelly, 336. 
Bleaching by chlorine, 186. 

— by sulphur, 176, 643. ~ 
Blende, 306. 
Blood, 666, ^06. 
Blubber, 823. , 
Bones, 196,^43, 696, 836; 877. 

— as manure^ 636. 
^ boUed, 836. 

— of calves, 1001. 
-o fishes, 1001. 
^ horses, 1000. 

Bones of oien, 999. 

— pigs, 1001. 

— sheep, 998. . . 
Bones and sulphuric add, 833« 
Bran, 909. 

Brandy, 396. • 
Brass, 314. ' 
Bread, 438. 

— baking of, 463. 

— rising of, 466. 

— uofepmeoted, 468. 
•— use of alum in, 466. 

Bricks, 866. 
Brimstone, 171. 
British gum, 360. 
Bromide of magnesium, 73. 
Bromides, 193. 
Bromine, 193. . 
Brown «tont,'433. 
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Buckwheat, M3. . 

Buds, 720. 
Bnrninff, 38^. 

— lime, 9, 118,338. 

— of plant*, 644, 906. 
Barnt elay, 880. 

— augar, 344. 
Butter, 674. 

— clarified, 679. 

— how edlored, 680* 
-* mehed, 630. 

'^ aak,681. , 
Btt^ric acid, 378. 



Cabbage, 960. 

— -red, 114. 
Calamine,. 305. 
Calcium, 226. 

-^ chloride ol^ 24K 
Calomel, !lOO. 

Camphor, 612. ^ 

Canc|/e8, 617. 

— bumlDg of, 30 94. 
Cane,.66p. 

— sttgdr, 340, 
Caoutchouc, 637. ' ' 
Caramel, 346. 
Carbon, 37, 86. 

— ^o plants, 99, 91, 816. 
Carbonate of ammonia, 166. 

— iron, 274. 

— lead, 311. 

— lime, 118, 229, 630, 696. 
— ^ magnesia, 249. 

-^ poUsh, 200. 

— soda, 218* 
Carbonates decomposed by-acldi. 

117,228. 
Carbonic acid ga»; 37, 103. 

— necessary to plants, 106. 

681,699,711. 

— decomposition of, 38, 700. 
Carbonic oxide^ 127. 
Carburetted hydrogen, 83, 131. 
Carcases, 800. 

Carrot, 336, 680. 
Caseine, 668. 

-» Tegetable, 347. 
Castor^oil, 610, 938^ 



Caufltic potash, 201. 
Cellars, foul air in, 1^, 176. 
Cellulose, 322. 
Chalk, 88,118, 768, 876. 
Chamomile, 430. 
Changes, chemical, 3. 
Charcoal, 36, 86, 879» 883. 

-^ absorbs afflmonia, I6S9 
463, 664. 

— burnimf^of, lit9. 

— disinfecting powers of^ 

162; 
Charring, 90. 
Cheddar cheese, 686. 
Cheese, 682. 
Cheltenham salts, 224. 
Cherry-tree gum, 336. 
'Cheshire cheese, 687. 
Chestautfl, 831. 
Chloride of calciora, 241. 
-r gold, 292. 

— magnesium, 261. 
Chloride of poUsaiam, 206, 898. 

— siWer, 296. 

— sodium, 189, 216. 

— zinc, 307. 
Chlorides, 186. 
Chlorine, 186. 
Churning, 674. 
Chyle, 607. 
Chyme, 607. 

Circulation of the blood, 607, 
Cider, 394. 
Cinnab*r»301. 
Citric acid, 496. 
Clay, 266. 

— burnt, 880. 

— iron ore, 274. 
Climate differencea of, 42, 736. 
Clover, 976. 

Coagulation of albumen, 347, 660. 

Coal- ashes, 881. 

Coal-gas, 83, 134^ 164^ 637. 

Coal-Ur, naphtha, 134, 637; 

Cocoa-nut oil, 611. 

Cognac brandy, 397. 

Cohesion, 89. 

Cokto, 129, 287. 

Colophony, 638. 

Color of soils, 662. 

Colors, changing of,'U3. . . 

— vegetable, 113,324,641. 
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Cottt, 938. 

GembtitetioB, 3, 12, 36« 1S6, 188, 

769. 
•— changea ptodaced by, 
6. 
Combining nnmbera, 126, 138. 

— weigbtt, 144--369. 
CottbottioBy 26, 82. 

— resQitt of, 32, 40, 94. 
Common salt, 216, 898. * 
Gompofiti#n of animal matter, 664.' 

— organic matter, 316. 

— plants, 317. 

— Boila, 666, 766. 
-^ stones, 267, 660. 

Compoonds^ binary, 316. 

— defintt«, 124, t36u 
Compounds, saline, lit. 

— ternary and qnater^ 

nary, 316. 

— their cpmpositioft, 17. 
Contagion, 176» 

Contagiona matters, 186. 
Cookery, 617. 
Copper, 302, 468, 660. 

— in plants, 660. 

— oxide, 302. i 

— pyrites, 302. . 

— salts of, 303. 

— sulphate of, 304, 468. 
Copperas^ 270, 794. 
Coprolites, 877. 

Cora, 266, 766, 904, 907. 
Corroeive aublimate, 186, 301. 
Cotton, 321, 323, 324. 
Couching, 692. 
Cream, 674. • .^ 

— cheese, 687; 
•^ of tarUr, 498. 

Crops, rotation of, 768. - 
Cobic nitre, 217,903. 
Cultivated lands, 748. 
Curd of milk, 668, 683» 
Currantfe, 496. 



D. 

Daguerreotype, 295, 
Dahlia, 334. 
Death of planU, 741* 
DBcay/11,106^ 146,765^ 



Decay, inflaenee of llme« 286, $8t» 
846, 872. 

— like burning, t06w 

— of humus, 677. 

— of pUttts, 146, 364. 

— resulu of, 11, 106, 364. 
•— , under water, 13 K 

Decomposition, 9, 12. 

— induced, 16, 368. 

— of rocks, 649, 760. 

' — " . spontaneous, 16, 868^ 
Deliquescence, 203, 2^. . V ' .' 
Dew, 44. 
Dextrine, 3150. 
Diamond, 87. 

Diasuse, 360^, 416, 686, 72& 
Digestion, 604, 631. 

— derangement of, 638* 
Diseasea of plants, 7.40, 744. 
Distillation, 73, 396. 
Ditch acrapings, 866. 
Double salts, Ul. 
Dough, 438. 

Drainage water, 826, 867» 
Draining, 857. 
Donder, 408. 
DuDg, 800, 812^989. 

— cow, 812,991. 

— farmyard, 802, 1002, 

— borse, 812, 993. 

— pigs', 812, 994. 

— . ah^ep, 812, 990. ' 

— rabbit, 8^2. 
Dutch rushes, 660^ 
Dyeing, 324, 642. . 



Earth, 226. 
Earthnaut, 93^. 
Earthf , 226, 268. 

— alkaline, 226, 246. 
Earthy matter in the air, 644. 

— 4iiicates, 660. 

— substancea in- plants, 644, 
-732* 

Eifervescence, 229. 

Egg, white of, 560.< 

Elaine, 616, 694. 

Electricity, ibfluence onplant8,703. 

Elements, 16, 19, 186. 
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Einbrjo, 684, 734. 
Epsom talU, 260, 876. 
Eqaivalent, 126, 138, 144, 369. 
Eicrement, 607, 787, 79ff, 812. 
Eserememta of m^ fowl, ^14. 
£xh«uftion of aoilt, T48| 966. 
Expansion, 62, 66. 
Explosions of fire-danp, 18ft. 



FninU, distiller's, 403. 
Fallonrioff, 762. 
Farmyard dang, £02, 1002. 
Fat, 601, 613. 
— of animals, 694, 936. 
Feathers, 820. 

Feeding off with sheep, 766, 81S. 
Ferment, 366. 
Fermenution, 16, 364^ 423, 765. 

— acetic, 376, 393, 

408, 478. 

— lactic, 377, 670. 

— . of bread, 438, 447, 

462. 

— pjpoduces carbonic 

acia, 121, 364, 
372. 

— putrid, 846, 380. 

— vinoos, 364, 372, 

386,440. 
Fertilitji 760. 
Fibre, woody ,-819. 
Fibrin, animal, 664. 

— vegetable, 347. 
Finings, 693. 
Fir-ashes, 1006. 
Fire, 36. 

Fire-damp, 69, 132. 
Fish refuse, 816. 
Fixed oil, 606. 

Fixing ammonia, 790, 876, 88$. 

Flame, 61, 93, 100. 

Flax, 319. 

Flesb, 664. 

Flint, 262, 660. 

Flooring malt, 692. 

Flour, 348, 440, 909. 

— dan^aged, 456. 
Flowers, 716. 

— effect of, 00 th« air, 716. | 



Fluorides, 193. 

Fluorine, 193. 

Food of animals, 611. 

— chemical use of, 606. 

— of plants, 782, 784^ 
Formation of seed, 712, 
Formation of soils, 649, 760. 
Foiil smells, 182, 773. 
Freexing, effects of, 66. 

— of water, 63. 
Fruit, 336, 341, 712, 729. 

— ripening of, 717. 
Fuel, 86. 

Fumigating by chtorin4, 185, 
Fumigation by sulphor, 176. 
Fungi, 796. 
Fur, from water, 232. 



GaWanized iron, 314. 
Game, preserving, 807. 
Gas, 26. 

— coal, 83, 134, 537. 

— in6aromable, 132. 
-*- manufacture of, 134, 

— liquor, 864, 886. 
— r strength of, 889« 

— tar, 637. 
Gastric juice, 608* 
Gelatine, 689. 
Geneva, 406. 
Germination, 682, 697. 

— accelerated, 696. 

Gin, 406. 
Glass, S19, 262. 
Glauber's salU, 224. 
Gliadine, 347. 
Glouaester cheese, 686. 
Glue, 690. 

— refuse, 820. 
Gluten, 346, 349. 
Glycerine, 61<3. 
Gold, 292, 314. 

— chloride, 293. 
-«- of pleasure, 938. 

— mosaic, 308. 
Gooseberries, 496. 
Grain of wheat, 907. 
Grains, spent, 41& 
Grape sugar, 340, 382, 371. 
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GrtpM» 883^ 498. 
OrMB, 266, 887, 904. 
OrmTity, 64. 

— tpecificy 84,406. 
Greavef, 819. 
Green manaree> 864. 

— vitriol, 270, 794. 
Growth of plant!, 736. 
Guano, 610, 789, 814. 
Gom, 836. 

— Arabic, 336. 

— British, 360. 

^^ cherry-tree, 336* 
^ formation ef, 369. 

— reianf, 640. 
Gan-cotton, 323. 
Gunpowder, 306. 
Gtttta percha, 134. 
Gyle tan, 433. 
Gypanm, 337, 794, 876. 



H. 

• 

Hair, 660. 
Hard water, 239. 
Hartshorn, 164. 
Hay, 649, 984. 
Heat, 48, 63. 

— animal, 107,^06, 787. 

— inflaence of, on planti, 703. 

— latent, 48. 
— * sensible, '48. 

Hedges, fonl, 807. 
Hemp-seed, 957. 
Hollands, 407. 
Honey, 394. 
qoofii,689. 
Hops, 420, 430. 
Hordeln, 915. 
Horn, 689, 830. 
Homates, 680. > 
Hnmic acid, 679. 
Hiunns, 673. 

— decay of, 677. 
.— excess of, 740. 

— use of, 678. 
Hydrogen, 69, 82. 
Hydrogen, carboretted, 83, 131. 

^ — lightness of, 84. 
— suaphuretted, 183,211 



Ice. 46. 

Iceland mofs,' 331. 

Indian corn, 336, 929. 

-* rubber, 134. 
Indigo, 643. 

Inflammable air, 81. ^ 
Inorganic matter in plants, 644, 
870. 
— man ares, 871. 
iDulin, 834, 967. 
Iodides, 193. 
Iodine, 193. 

— in aea inter, 193. 
Iron, 374. 

— combustible, 283. 
-.«* gafranized, 314. 

— in coal, 387. 

— in planU, 274, 663. 

— in soils, 386. 

— in water, 386. 
— « moulds, 606. 

— ores, 274. 

. -^ oxides of, 377, 288, 334, 642. 
-* peroxide of, 277. 

— protoxide of, 277. 

— pyrites of; 383. 

— rust, 279. 

— contains ammonia^ 280. 

— slugs, 276. 
^~ smelting, 376. 

— aulphate of, 270, 286, 389. 
-— solpharet, 384. 

Irrigation, 860. 
Isinglass, 391, 690. 
Ivory, 696. 



J. 



Juniper, 407. 



Kelp, 218, 879. 
Kidneys, 609. 
Kiln-drying, 692. 
KirKhwasMr, 398. 
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L. 

Lactic acid, 329, 377,'445» 
Latent beat, 48. 
Lead, 310. 

— action ef water oo, 313. 

— aceute, 311. 

— carbonate, 311. 

— oxides, 310. 

— red, 310. 

— Bulpbate, 272. 

— sulpharet, 310. 

— white, 311. 
Leather, 592. 
Leaven, 441. 
Leaves, 699. 

— fall of the, 743. 

— office of, 713. 
Lees of win^, 389. 
Legamine, 347, 598. 
Lemons, 496. 
Lentils, 946. 
Lettace, 901. 

Light, effects of, 187, 2^5, 701. 

— influence on plants, 602, 606, 
623, 68a, 700. 

Lighting a fire^ 36. 
Lignin,.dl9. 
Lime, 7, 226. 

— action on soil, 872. 

— and salt, 897. 

— biphosphate of, 245, 834. 

— burning, 118,233. 

—' carbonate of, 230, 530, 595. 

— caustic, 7, 226. 

— citrate, 497. 

— hydrate of, 235. 

— in planU, 242, 504, 551, 871 . 

— muriate' of, 241. 

— nitrate of, 163, 240. 

— oxalate of, ^4 , 55 1 . 

— phosphate of, 242, 551, ,595. 

839, 877. 

— silicate of, 267,' 276, 873. 

— slaking, 235. 
Limestone, 227, 874. 

— magnesian, 246, 874. 
Lime, sulphate of, 237, 876. 

— super-phosphate* of, 832; 

— when bse.fttl, 871. 

— when not to be uned, 837, 

885. 
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Limes, juice of, 496. 
Linen, 321. 
Linseed, 935. 
Liqueurs, 398. 
Liquid manure, 767. 
— tanks, 783» 
Litharge, 310. 
Liver, 607. 

Loss of manure, 783, 789, 798, 8011. 
Lucern, 980> 
Lungs of animah, 107, 566, 606. 



M. 

Macaroni, 333. 
Magnesia, 246. 

— carbonate of, 247, 249» 

— in plants, 253, 652. 

— muriate of, 247, 251. 

— phosphate of, 247, 253, 

878. 

— silicate of, 267. 

— sulphate of, ^7, 250, 
878. 

Magnesian limestone, 248. 
Magnesium, 246. 

— chloride of, 251. 

— oxide of, 246. 
Maixe, 333, 927. 

Malt, 401,412,433,915. 
Malting, 690. 
Malic acid, 502. 
Manganese, 309. 

— in plants, 916, 920, 

929, 936, 941. 

— in sdils, 309. 

— oxide of, 191. 
Mangel-wurzel, 966. 
Manure, 754, 762. 

— farmyard, 802, 1002. 

— fossil, 877. 

— green, 847, 862. 

— heating of, 802, 845. 

— inorganic, 856, 868. 

— riquid,78i8,797,811. 

— loss of, 782. 

— preservation of, 781, 802. 
. — strong, 800, 817. 

— vegetable, 839. 
Manures, animal, 718, 777, 786, 

796, 799. 



UfDSX. 



Manures, oiifanie, 764, 780. 

— saliDe, 890. 
Maple sugar, 341. 
Maraschino, 398. 
Marble, 88. 

Mark of grapes, 383, 479. 
Margarine, 515, 594* 
Mail, 871. 
Mashiag, 401, 415. 
Mead, 394. 
Meat boiling, 619* 

— roasting, 627. 
Medicines, action of, 634. 
Mercury, 298. 

— chlorides, 300. 
^ oxides of, 299. 

— sulpburet of, 298, 301. 
Metellio alloys, 314. 

— oxides, 269. 

— salts, 270. 
Meuls, 196, 291. 
Milk, 568. 
Millet, 333. 
Minium, 310. 
Mixture, 4, 125. 

— of soils, 857. 
Molasses, 343, 409. 
Mordants, 324, 542. 
Mortar, 236. 
Mosaic gold, 308. 
Mould, 673. . I 
Mouldering, 765. 
Mouldiness, 797. 
Mucilage, 337. 
Muriate of ammonia, 156. 

— lime, 241. 

— magnesia, 251 . 

— soda, 216. 
Muriates, 186. 
Muriatic acid, 186. 
Muscle, 564, 602. 
Muscovado sugar, 343. 
Murk, 383, 479. 
Must, 885. 
MusUrd, 510, 938. 



N. 

Naphtha, 637. 
Nascent state, 769, 774. 
Natural vegetation, 747. 



Night-soil, 807. 

— disinfected, 810. 
Nitrate of lime, 163, 240. 

— poUsb, 206, 240, 899. 

— soda, 217, 903. 

— silver, 296. 
Nitrates, 163. 

— in plants, 90i. 
Nitre, 206, 899. 

— beds, 240. * 

— cubic, 217. . 
Nitric acid, 163,217,772. 

— in manure, 837, 899..<- 
Nitrogen, 27, 146. 
Noyeao, 398. 

Nutrition of plants, 636, 681, 720. 

— animals, 600, 604. 



Oak-ashes, 1006. 
Oats, 333, 917. 
Odors of ptants, 509. 
Oil, 506. 

— cake, 851. 

— castor, 510, 938. 
Oil of cloves, 512. 

— cocoa-nut, 511. 

— dregs, 823. 

— drying, 508, 510, 

— fat, 508, 510. 

— fixed, 508. 

— linseed, 510, 935, 938. 

— mustard, ^10, 938. 

— of lavender. 512. 

— lemons, 510. 

— turpentine, 407, 512, 533. 

— vitriol, 179. 

— olive, 510, 938. 

— poppyi 51 0» 938. 

— rape, 510, 938. 

— rock, 637. 

— seeds, 938. 

— volatile, 609,612. 
Oleine, 516, 594. 
Opodeldoc, 531. 

Ores, roasting of, 302, 310. 
Organic acids, 493. 

— ' manures, 764, 780. 
Organic matter, 31^, 722. 

-^ substances in soils, 667. 

— transformations, 356. 
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Organized matter, 722. 
Oxalate iniime in plants, 561. 
Oxalic acid, 130, 503. 
Oxalifl, 959. 
Oxide, carbonic, 127. 
— ^ of copper, 302. 

— iron, 277. ^ 

— lead, 310. 

— manganese, 191, 309. 

— mercurj, 299. 
, — aiWer, 294. 

— tin, 308. 
Oxides, metallic, 269. 
Oxjrgen, 27, 68. 



P. 

Paint, white, 312. 

Palm juice, 410. 

Paper bleached by chlorine, 185. 

Paring, 880. 

Parmesan cheese, 587. 

Parsnip, 336, 973. 

Paste, 348. 

Pearlash, 200. 

Peas, 330, 943. 

Peat-ashes, 880, 1008. 

Pectine, 336. 

Peroxides, 272. 

Perry, 394. 

Persalts, 272^ 

Petre,206. 

— ealt, 891. 
Pewter, 314. 
Phosphate of alumina, 256. 

-^ ammonia, 161. 

-* lime, 105—242, 556, 

596,831. 

— magnesia, 263, 552. 
Phosphates, 194. 

— earthy, 551,732. 
Phosphoric SQid, 195, 245. 

— ' in plants, 195, 242. 

— in bone, 195, 242. 

— in water, 79. 
Phosphorus, 194. 
Pickling cabbage, 1X4. 
Pine"apple, 498. 
Pipes, bursting of, 65. 
Pitch, 536. 

Plants, composition of, 91* 



PlanU, death of, 740. 

— decay of, 104. 

•^ decompose carbonic acid^ 
106,699,711. 

— effe<^t of, on the air, 745. 
"^ elements of, 91. 

— food of, 636, 681 , 720, 782. 

— growth of, 69p, 707. 
Plaster of Paris, 238. 

— stone, 237. 
Plough, aubsoil, 761. 
Plums, 336. 
PolenU, 833. 

Pond mud, 825, 865, 867. 

Poppy seed, 938. 

Porter, 427. 

Potash, 199. 

Potash, binoxalate of, 504, 

— biUrtrate of, 498. 

— carbonate of, 200. 
•— caustic, 201. 

— in plants, 199, 214, 546. 
— r in the soil, 214, 

-^ muriate of, 205, 892. 

— nitrate of, 206—240, 899. 

— salts of, 214. 
•— silicate of, 549. 
^ sulphate of, 213. 

Potashes, 891. 
Potassium, 202. 

— chloride of, 205> 892. 
Potato, 330, 333, 952. 

— haulm, 954. 

— spirit, 408. 

— starch, 330. 

— sweet, 955. 
Pottery, 236. 

Principles, active, 543, 635. 
Proportions, 138. 
Protein, 599. 
Proto<*salts, 272. 
Protoxides, 272. 

Proximate animal principles, 557* 
Pruning, 715. 

Putrefaction, 11, 350, 380, 765, 
771, 798. 
— influence of lime in, 

234, 240. 
Putrefying animal'matter, 836,899. 
Putrid fermentation, 380. 

— urine, 797, 992. 
Patty powder, 308. 



888 



INDBZ. 



Pjritei, 283. 

— copper, 302. 
Pyroli(ni«ouf acid, 325, 488. 
Pyrol ignites, 489. 
Pyroiylic spirit, 326, 638. 



Quarti, 258. 

Quaternary compounds, 316. 
Quicklime, 7/233. 
Quicksilver, 298. 

R. 

Rain-water, 71, 74, 230. 
Raisins, 382. 
Rape-seed, 938. 

— Tine, 482. 
Red cabbage, 1 14. 

— lead, 310. 
Refhse of gas-works, 886. 
Rennet, 684. 
Resins, 532. 
Respiration, 107, 606. 
ResulU of combustion, 32, 40, 94. 
— putrefaction, 8S0, 767. 
Rhubarb, 603. 
Rice, 829. 

Ripening of fVuit, 718. 
River mud, 867. 

— water, 77. 
Road drift, 865. 
Rock salt, 215. 
Rocket, 938. 

Rocks, disiivtegration of, 649, 760. 
Roman vitriol, 304. 
Roots, 705, 729. 
Rotation of erops, 753. 
Ruby, 254. 
Rum, 409. 
Rushes, Dutch, 560. 
Rust of iron, 279. 
Ryt^ 330, 922. 
— pUaw, 925. 



fiaccharine matter, 339. 
Safety-lamp, 99. 



Sago, 831. 
Saintfbin, 982. 
Sal-ammoniac, 156. 
Suline compounds, 110. 

-— draughts, 14. 

— manures, 890. 
Salt, 215, 893. 

— and lime, 897. 

— bay, 215. 

Salt, common, 189, 215, 581, 631, 
895. 

— in sea water, 215. 

— rock, 215. 

— spirit of, 188. 

— seji,215,252. 

— solution of, in water, 30. 
Saltpetre, 20(5. 

Salts, 110. 

— double, in. 

— Epsom, 250. 
•^ Glauber's, 224. 

— of hartshorn, 154. 
~ iron, 289. 

— lemons, 505. i 

— magnesia, 250* 

— potash, 214. 

— soda, 223. 

— sorrel, 505. 

— the metals, 270. 

— sub-. 111. 

— super» or bi-, 111. 
Sand, 262. 

Sapphire, 254. 
Sawdust, 847. 
Schiedam, 407. 

Sea-fcrwl, excrements of, 610, 789. 
Sea- water, 71. 
Sea-weed, 218, 853. 
Seeds, 347. 
. — formation of, 712, 735, 

— germination of^ 682. 

— steeping, 696. 
Seidlits powders, 14. 
Selection by roots of planU, 733. 
Semolina, 333. 

Shell sand, 871. 
Shells, 875. 
Silex„258. 
Silica, 2$8. 

— in plants, 266, 548. 

— in soil, use of, 265, 652, 
Silicate of alumina, 267. 
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Silicate of lime, 267. 
— - magoefia, 267. 

— potaab, 263, 649. 

— Boda, 263. 
Silicates, 262—267, 904. 
Silicic acid, 269. 
Silicon, 269. 

Silk djreing, 642. . 
Silver, 294, S14. 

— chloride of, 296. 

— nitrate of, 296. 

— oxide of, 294. 

— salts of, 294. 

— sulphuret of, 294^ 297. 
Size, 693. 

— resin, 639. 
Skimmed milk, 682. 
Skin, 689. 

Slaking of lime, 7, 236. 
Slag, 276. 
Smells, foul, 186. 
Smoke 98, 102. 
Str^w- ashes, 649, 907. 

— of barley, 916. 

— buckwheat, 934. 
-^ lentils, 948. 

— maize, 929. 

— oats, 920. 

— rye, 926. 

— vetch, 951. 

— > wheat, 907. 
Strong manures, 800. 
Sub-salts, 111. 

' Subsoil, 757, 648, 856. 
— » ploughing, 761. 
Substratum, 758. . . 
Suffocation from charcoal, 120. 
Sugar, 340. 

— barley, 344. 

— candy, 346. 

— formation of, 361, 374. 

— of lead, 489. 

— of milk, 670. 
— ' refining, 344. 

— refiners' waste, 816. 
Sulphate of alumina, 267. 

— ammonia, 169. 

— copper, 794. 

— iron, 794. 

— lime, 237, 270, 794, 

376. 
Sulphate of magnesia, 260. 



Sulphate of potash, 213. 

. — potash and alumina, 

267. 

^ soda, 190, 220. 

Sulphates, 180. 
Sulphur, 171,284. 

— in plants, 776, 
Sulphuret or iron, 283. 

— lead, 310. 

— silver, 297. 
Sulphurets, 184. 
Smelting, 310. 

Sosp, 10, 219, 620. 
r— boiling, 621. 
r^ decomposition of, 10, 629. 

— soft, 628. 

— transparent, 631 . 

— yellow, 627, 639. 
Soap-naakers' ash, 879. 
Soda, 189, 216, 218. 

— carbonate of, 218. 

— in rocks, 223. 

— in plants, 647. 

— in soils, 223. 

— muriate of, 216: 

— nitrate of, 217. 

— silicate of, 262, 904. 

— sulphate of, 190, 220. 
Sodium, 189, 216. 

— chloride of, 190, 216. 
Soft water, 630,. 626. 

Soil, 226, 642. 

Soils, analysis of, 666. 

— color of, 662. 

— composition of, 666. 

— exhaustion of, 748, 912, 986. 

— formation of, 649, 760. 

— mixture of, 668, 768. 

— nature of, 665» 
Solder, 314. 

Soot, 164, 886. 

Sorrel, 503. 

Soup, 623. 

Specific gravity, 84, 406. 

Spices, 632. 

Spirit proof, 404. 

— pyroxylic, 326. 
Spiritof salt, 188. 

— wine, 367, 396, 403. 
Sponge, 447. 

Spring water, 76,^ 239. 
Springs, 75. 
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Sull feedinf , 615. 

Sureh) 326. 

Steam, 43, 60. 

Stearic acid, 614, 61ft. 

Stearine, 614, 694. 

Still, 73. 

Stilton cheeie, 687. 

Sulpharet of tin, 308. 

Sulpharetted hydrogen, 182, 211, 

773. 
Sulphuric acid, 179. 
Sulpha roua acid, 173, 388. 

— checks fermentatton, 
396. 
SunBower, 901. 

— aeed, 938. 
Super-falU, 110. 

Super-phosphate of lime, 246, 832. 
Super-tartrate of potash, 389, 498. 
Swedes, 96 h 



T. 

Tabasheer, 648. 
Tannin, 692. 
Tanning, 692. 
Tapioca, 331. 
Tar, 634. 

Tarnish on silver, 297. 
TarUr, 389, 600. 
Tartoric acid, 498. 
Tartrates, 601. 
Teeth, 696. 

Ternary compounds, 316. 
Tests, vegetable, 116. 
Thermometer, 62. 
Thunderbolt, 286. 
Tiles, 266. 
Tin, 308. 

— oxide of, 308, 324, 642. 

— plate, 314. 

— Bulphnret of, 308. 
Toast, 474. 
Toasted cheese, 682. 
Tobacco, 901. 
Toddy, 410. 
Treacle, 397. 
Tropical countrieft, 736. 
Tubers, 726. 

Turf ashes, 88Q. 
Turmeric, 116. 



Turnips, 961. 
Turpentine, 633. 

— oil of, 134,407,612, 
633. ' 



Urate of ammonia, 601, 1004, 
Urea, 609, 997. 
Uric acid, 609; 
Urine, 609, 766, 800. 

— cows>, 991. 

— horses', 993. 

— human, 997. 

— putrid, 992. 

— pigs', 994. 

— sheep, 990. 
Use of leaves, 713. 

— plants, 39, 746. 
Usquebaugh, 406. 

V. 

Vapor condensed by cold^ 44. 

— in the air, 41. 
VegeUble alkalies, 643. 

— manure, 839. 
VegeUblet, boiling of, 626. 
Veins, 606. 
Vermilion, 301. 
Vetch, 949. 
Vinegar, 326, 376, 488. 

— distilled, 486. 
Vinous fermentation, 367, 372. 
Vitriol, blue, 304. 

— green, 286. 

— oil of, 179. 

— white, 366. 
Volatile alkali, 161. 

— oil, 606, 612. 



W. 

Walnuts, 938. 
Wash, distiHers', 402. 
Water, 46. 

— action on lead, 813. 

— air in, 80. 

•— composition of, 66. . 

— freezing of, 63. 
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Water, hard, 232, 432, 629,626. 

— hnpurities in, 71 . 

— mineral, 76. 

— necessary to plants, 81. 

— New River, 77. 

— phosphoric acid in, 79. 

— pure, 73, 232. 

— rain, 71, 74, 230. 

— sea, 71,251. 

— soft, 239, 528, 626. 

— spring, 76, 239. 

— Thames, 77. 

— well, 78. 
Wai,6U. 
Weed-ash, 218. 
Weeds, 39, 802. 

— burning of, 804. 

— putrefaction of, 803. 

— spread of, 805. 
Wheat grain, 907. 

— straw, 907. 

— sUrch, 326, 333. 
Whey, 585. 
Whiskey, 406. 

White lead, 311. 
White of egg, 560. 
Wine, 383. 

— brandy, 397. 

— domestic, 392. 

— fermentation of, 385. 

— fining of, 391. 

— pricked, 393. 

— ripening of, 390. 



Wine, vinegar, 479. 
Wood ashes, 199, 838. 

— spirit, 325. 
Woody fibre, 319. 
Wool, 818, 899. 

— dyeing, 542. 

— mill refuse, 816. 

— rags, 819. 

— soap, 816. 
Wort, 401. 

— foziness of, 422. 



Xyloidine, 322. 



Y. 

Yeast, 366,425,441. 

— as manure, 850. 

— arti^cial, 467. 

— bad, 460. 

— ^ry, 465. 



Z. 

Zinc, 305. 
» chloride of, 307. 

— oxide of, 306. 

— sulphate of, 306. 



THE END. 
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llieezamplee eeleeled will be found anpepprlate, and in all eaaee taken from 
^'e actual praotioe of the preaent time. Svely rule hae been tented bj the nft* 
errhig reenlte of mathematical r e eeaw h , and eonftrmed by azperlmanl^whatt 



neoeeaary. 

The Practical Modri Calculator vtll be found to dll a Taoaner In the Ubraxy 
of tho practical workiag>-ma'n long coneidered a reauirement. It will be found 
to exoM all othar works of a eimiiar natuj«» tnm tue great nctent of Hs ranM 
the exemplary nature of its well-eelected examples and from the eaqr, simply 
and qwtematto mannev in which the model oaloulatkeis are established. 



V0EBI&P8 HAHD-BOOK FOE lOCO MOTIVE EKOI* 
HEEBS AHD MACHINISTS: 

-Comprising the Calculations tor Constructing Locomdtiyes. 
Mapner of setting Valves, &c. &c. By SBPriims N0BB19, Civil 
anci Mechanieal El^gineer. In One Volume, 12mo., with iUoa- 

trafiaBs. ., $L60 

I 
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A COM gLElB TBEATISE OH TAji JiijiQ,C PREYINQ 

AHD STEBT BBAHCH OF LEATHEBrDSESSIHG. 

From the Freneh and from original sources. Bj Campbell 
Hoi^piT, one of the Editors of the <* Encyclopedia of Chemistrj/' 
Author of ^* CheniiBtry Applied to the Manufaoture 6f Soap and 
Candles," and other Soienlifie Treatises. Illustrated with seyeral 
hundred Eugrsrings. Complete in One Vol., royal 8to. (In press.) 

This inuortant trefttiM will be Isstied from the press at as Mrly a day as tbe 
4atie«of the editor wU] permit and it is believed that in no other brattoh of 
applied Mienoe oould more signal serrice be rendered to American Manofae- 
turers. 

The pabllsher iA not aware that hi an j other woilt h«retoflbre issued in tfaj^ 
«rantr7) more ipaoe has been demoted to this snl^t than a single dia|)ter ; 
and in offering this Tohime to so large and intelligent a elsss as Amerioan 
^fanners and Leather pressers, he feels confident of thete substantia suppoBl 



THE PEACnCAL COTTOE-SPIEIIEE AHD KANV- 
FACnTBEIt; Or, The Manitger's and Overseer's 

Companion. 

Thb works contains a ComprehensiTe System oi Calenlalions 
foP Mill Gearing and Machinery, from the' first moring power 
through the different processes of Carding, Drawing, Slabbng, 
Boying, Spinning, and Weaving^ adapted to American Machinery, 
Practice, and Usages'. Compendip^s Tables of Tarns and Reeds 
are added. Dlustrated by large Working-drawings of the niosi 
iq>proYed American Cottoii Machinery. Complete in QneTohiQie, 
octaYo *..-. ;. ;»$8.50 

This edition of Soott's Cotton-Spinner, by OuTxa'BrRinE, ij| design^ for (lie 
JUn^iican. Operatire. It will be found intensely praetical, and wfll be eS Hm^ 
gieateet possU>le ralua to the Manager, Oreraeer, and Woxkmazu 



THE PBACnCAL HETAX-WOBEEanS ASSISTAFT, 

For Tin-Plate Workers, Braslers, Coppersmiths, Zinc-Plate 
Omamentere and Workess, Wir* Workers, Whitesmiths, Bliok^ 
smiths. Bell Hangers, Jewellers, Silver and Gold Smiths^ £lei»* 
trotypers, and all other Workers in Alloys and Metals. By 
Chahlss HoETZAPPf sl. Edited, with important adlditilons^ by 
Oliyes Btsne.. Complete.inX)tie Volume, octavo., , $4.00 

It will tre^t of Casting, Fonnding, and ForiHng; of Tongs and other Tools; 
Degrees of Heat and Managemnet of Fires; Welding; of Heading and Swage 
TtSln \ of Piln<die9 and AnvUs; of Hardening and'Tenfering; of Itfalleahle t^op 
"" "" «^ — . . - . . . ^ . ._ The man - - - 



Gkxtings, Case Hardening, Wrought and Cast'Ift>n. The managemeBt and nfa> 

• ' • - p- ... — of Fur- 

J Sheet 
B employed. Prooesses dependent on 
thedootUlty of Metals. Wire Drawing, Drawing Sletal ^abed. Soldering. The 
nse of the Blowpipe, and eyery other knqwn MetaI*W4»rker's Tool. ' T9 tbe ' 
works of Holtaappfei; Oum finun bM added all that is .wefU mtA, pecfOiat 
»tbe American Metal-Worker. 



nipu^ation of Metftls and Alloys, Melting and Mizinf . - The management of I 
naees. Casting and ^ouoding with Metallic Moulds, Joining and Working SI 
Metal. Faculiarittes of the different Tools employed. Prooesses dependent 



THE XAHUl'ACTVBJB OF ntON IH ALL ITS 
YABIOTTS BEAKCHES: 

To whicli is added an Bssay on the Manufacture of Steel, bj 
VkedbbiCK OtxrHak, Mining Engineer, irith one hundred and 
fifty Wood Engravings. A new edition. In One Vclume, oc- 
taTo, fite hundred pages. $5.00 

We have now to umoaiioe fhs apposriinoe of another Taluable work on tho 
■nliffeot which, in our humble qpiniQn, lappUes any deficicnoy which late im- 
proTementa and dtiooTeri^s tnay have caoMd, ftom the lapse of time dtioe the 
«ato of ** M i)flhef*. and ** BohhTenor." It i« the prodactkm of <we of our tiwna- 
atlantio brethren, Mr. Frederick Ovenfian, Mining Engineer; and w« do not 
hetitate to «ot it down aa a woric ct great importance to all corineottd with the 
iron iatereat; one which, wtatle It ia snttdenliy teehnolqsical ftilly to explain 
^bemioal analjn^ and the rarioua pbeaomena of Itmi under diflerent dtcwat' 
stanoea, to the satisfaction of the moat lastidiooa, Is written in that clear and 
oompiahenfliTe style in to be, available' to the capacity of the humblest mind, 
«hd oonseqaeatly irill be of much adTaatege.to those works wh«« the ph>pria> 
tors mfty see the desirabiUty of pladag it m the haDda- of their opexatiTes^-» 
London Mfrning JimtHoL 



A TBEATISX OV TJa AXBBICAV STEAK-EVOIHI. 

-. tiLuatratod by iHimerou Wood Cn4^ and other Engnvingi. 
By OuTiB Btbhb. In One Volume, royal 8to. (In press.) 



niOPELLESB AND SISAH KAVIOATIOir: 

With BiogrMgi]lii^ Sketches of Early Inyentors. By Bobiht 
Maoya&lahs, G. E., Editor 6t the ** Scientific American." In 
One Voluoie, 12mo. Illustrated by OTer Eighly Wood Engr^T- 
ings • ' ..76ct8. 

1b» otject of this " Hislory of Prapelloni md Steam Nayigation" is twofold. 
One to tho^arrangement and deaeriptioa of many deyioea whieh have been in- 
Tented to propel Teseels, 111 order to pteTont many ingenious men from wasting 
theif timeu talenta, and money on Bvudt pro^eets. The immense amount of time) 
fltudy« and money thrown away on such coutriTances is beyond calculation. 
Tn this ztspect, It is hoped that it wlU be tka meaia of doing aome good.-^ 
Pr^aee, 

KATREXATI08 FOB F&ACnCAL HEN: 

Being a Common-place Book of -Principles, Theorems, Rules, 
and tables, in yarious Departments of Pure an4 Mixed Mathe- 
matics, irith their applieations, especially to the pursuits of 
Burveyors, Architects, Mechanics, and Civil Engineers. With 
nunierous Engrayings. By Olinthus Gbboory, LIj.D., F. B. 
A. 8 .'. ,.....|b60 

Only let men awake, and fix their eye, one while on the nature of things^ 
another while on' the ^plication of them to the use and serrioe of mankindi-^ 
Lord Bacon. 



4 
PRACTICAL SERIES. 



Tn TolmnM in tlili terias are pnbliibed in dnodeolmo foTm, 
and the design is to furnish to /Ptisans, for a itioderate sum. 
Hand-books H>f the diiferent Arts and Manofaotnres, in order 
that thej uaj be enable to keep pace with the improrements 
of the age. 

There hare already appeared — . 

THB AMEBICAN MILLSE AND MILLWBIGHrS ASSIST- 
ANT. $1. 

THE TURNKB'S COMPANION. 76 eta. 

THE PAlNTEft, aiLDEB, AND VAKNISHEB'S COMPA- 
NION. 76cts. 

THE DTER AND COLOUB-MAKEB'S COMPANION. 7^ cts. 

THE BUILDEB'8 COMPANION. |l. 

THE CABINET-MAKER'S COMPANION. 76cts. 

The following, among others, are in preparation : — 

A TBEATISE ON A BOX OF INSmUMffil^TS. Bj Tkoumm 

KXKTISH. 

THE PAPEB-HANGBB'S COMPANION. Bj J. Abxowsiotb. 



THE AMEBICAH MILLEE AHB KILLWEXGHrS 
ASSIST AET: 

, Bj WiLLiuf Cabtvb HraHxs, Editor of « The American Mfl- 
ler," (newspaper,) Buffalo, N. T. Illustrated by Drawings of 
the most approred Msichinery. . In One Volume, 12mo $1 

The antbor ofhn Ik m » ntNtotitiAl referenet, initead of tpeoalatlTtt theorieiL 
wbieh belong odIj to tboee not ImoMdlately tttteohed to the V^Mtneii. Bpeelel 
Botioe it «l8o giTen of moet of the eeeetitlil impn^emeotMrhloh hay* of ]«t» 
been introdneed for the beneOt of Cbe Mitlorw— AvanfuA BtptOUeem. 

The whole b mi ne a a of BaUnff floor la moit thoroughly IreAted by htoLrr- 
BtMeUn. 

A very oompreheiulTe tWw of the Mm wri^hPff hwrineM i ^btfttom JUtonu^ 



THE TUSlTEE'S CdHFiJSXOE: 

Containing Instructions in CoacentnA^ )^j^io, s^d Eoeeairio 
Turning. Also, rarious Plates of Chtud^^:Too^. and I 
ments, and Directions for using the Ec«ei^J^ uiitter>^ 
Vertical Cutter, and Circular Rest; with Pai^»i|a^aa^.&^llfttc- 
tions for working. them. Dlustrated .by numei^cAi|>,iEi4^raYing8. 
In One Volume, 12mo .Ti«'.C....76cts. 

The ol^Jeot of the Turner's Oon^panton b to explain in a dear, oonoiae, and 
takteUigible- manner, the rudiments of this beautiful art. — Scmannah RepuUieaH. 

There is no derariptiou of turning or Jathe-work that this elegant little traatiM 
does not describe and illustrate.— WaUm Lit. Maaengtr. 



TEE PAnrEEB, ohdeb, ahd vabhieee's 

COXFAHIOV: 

Coatatiung Rules and RegolatioiiB for aTery tbing reUting to 
tte arts of Punting, Qil<ling, Varnishing, and Glass Staining; 
frimeroiis ns^nl and ralnable Reoeipts ; Tests tor the detection 
of Adulterations in Oils, Coloars, fte., and a Statemoit of the 
Diseases and Accidents to #hich Painters, Gilders, and Yar«> 
nishers. are particularly 4iable ; with the simplest methods of 
PreTCution and Remedy. In one toI. small 12m6., cloth. 75ota. 

Rejecting an that appeared fbreii^ to the sulject, t1i« oompiler bas omitteA 
Botbiiig of teal practical worth. — Hunft Mtrehantt Magazine. 

An ezoelltfBt practOoal umrkf and one wbkh the pnetiai man cannot Sllbid 
to be without.— Armer and Mechante. 

It oontaftDB erery thing that ia of intisreit to penona engaged in thia trade. 

Thia book idnpnr^Talaablata all w|ioae bvataeai li ti^ a^ irv MonMted 
with painting.— Axitff VfVMy. 
Gaimot fail to be naef oL-^^. F. €bmmtreiri 



THB BTnLDEH'S FO(XEI COHFAIIOir: 

' Containing the Elements of Bnilding, Snryeying, and Arohio 
tecture ; with Practical Roles and Instructions connected wiUi 
the subject. By A. C. Smiaton, Giyil Engineer, &c. In one 
volume, 12mo. $1. " 

' CoimNTs: — ^The Builder, Carpenter, Joiner, Mason, Plas- 
terer, Plumber, Painter, Smith, Practical Geometry, Sufreyor, 
CohetfiTe Strength of Bodies, Architect. ^ 

It giTea, In a nnall apaaeb the moet thoroogb-diraetioni totfa* bitildar,fhmi 
the . laying of a brick, or the felling of a tree, np to the most elaborate pro* 
ductiOB of ornamental aichitcctnre. It ia identiflc, without being obscure and 
ixnintelligiblf, and eyery houee^arpetiter, maater, joorneyman, or apprentice^ 
abonld haye a eoi^ at hand alwayB.->-.KK»»MV MuHatin. 

Oomplete on the sulgeota of which it treats. A moat uaeittl practical work. 
*-^B«ilL American. 

It ipust be of great practiaal utility< — Savannah Bepn^Hcan. 

To whatever branch o/ the art <>f btiUding the reader may belong, he will 
ted hi fhla aomethiag ralnable and escalated to asaiat his progress.— Jbraiar 
and Mechanic. 

' Tlila is a Taluabie little Tolnme^ designed to assist tb» student in the aoquiat* 
tiott of elementary knowledge, and will be found highly advantageoua toeyerr 
young man who has deyoted himself to the interesting pursuits of which ft 
lasata^— Fit. Mtraid, 

1* 
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IHK vrm AVD ooioxnt.][AXSE*8 rolt 

PAnOH: 

Contoinlpg ppwardi of two hmidnd Roodpts for maldiig Co* 
lors, OB tho most approTed principles^ for all the Tarioos stylet 
and fabrics now in existence; with the Scouring Process, and 
plain Directions for Preparing, Washlng-oif, ^nd Finishing tiie 
Goods. In one roliune, small 12mo., cloth. 75 ets. 

Tbia !• anotkmr of th«k nert •zmllent tiam ot pnetkal boak% iribieh tht 
mibUalMr ia glTiii( to tbo pnblte. Indeed we belieTe there k not, fat ma&ii- 
ft(etimn» • a»ore Taluable work, bavlatf been iirepwed inr, aad oztaMnky 
adapted to their bwtueie.— Arm«r amd Meekamie. 

Itieavalnablebook ~ - -- 

Wo hoTO ehowB it to 
thlBff of tho kind they 



It is o ▼alnable bookr— OCM|po AepvUioait. 

Wo boTo ehowB it to Mme pmetioel men, who oil pnnonnaedit ttio oonpMwt 
hinc of tho kind they had ■een—A^.r.iViiAoM. 



SHB OABDRT-IEAKBB AID UPHOLSTEKEB'S 
OOXPAXIOV: 

Comprising the Rudiments and Principles of Cabinet Making 
and Upholstery, with familiar instructions, illustrated by Ex- 
amples, for attaining a proficiency in the Art of Drawing* as 
applicable to Cabinet Wor^ ; the processes of Veneering, Inlay- 
ing, and Buhl Work; the art of I>yMng and Staining Wood, 
iTory, Bone, Tortoise-shell, eto. Directitws tor Lackering, Ja- 
panning, and Varnishing; to make French Polish; to.i»repare 
the best Glues, Cements, and Compositions, and a number of 
Reeeipts particulariy jueAil for Workmen generally, with Ex- 
planatory and niustrative Engrarings. By J. Stokvs. In one 
Tolume, 12mo., with illustrations. 75 ets. 



THE PAPEa-HAVGEB'S COMFASIOV: 

In which the Practical Operations of the Trade are system* 
/itically laid down ; with copious Directions Preparatory to Pa- 
pering ; Preventions against the effect of Damp in Walls ; the 
Tarious Cements and Pastes adapted to the several purposes of 
the Trade r Obseryationjs and Directions for the Panelling and 
Ornamenting of Rooms, &c. &o. By Jamss Abbowsxith. Im 
One Volume, 12mo. (In press.) 



•7 
tHB ntUIT, FLOWSB, AHB TttCHXH QAXSSB. 

Bj.Pat&iok Kxill, L.L.D. 
Thorovglilj rerised, and adapted to the dimate and seasons 
ef the United States, by a PraoUeal Horticnltnrist lUustrated 
hj nimaroiu Bngravings. In one Tolume, 12mo. $1.2^« 



EOtfSEHOLD SUBOEBY; OB, HIHTS OV EXBB- 

GEVCIES. 

^ 67 J. F. South* one of the Surgeons of St Thomas's Ho»* 
pitid. In one Tolome, 12mo. Illustrated bj nearly Hty Bm- 
gratings. $1,26. 

CONTBirTS : 

Th$ Doetof^i Shop, — ^Poultice9» FomentatiMiSy LotloaB, Lini* 
ments, Ointments, Plasters. 

Surgery, — Blood"IettiBg, Blistering, Yaecination, Tooth-dMkW- 
Ing, How to put on a Boiler, l«anoing the Guvis, Swollen Veins, 
Ikruises, Wounds, Tom or Cut Achilles- Tendon, Wliat is to be 
done in cases of sudden Bleeding from Tarious causes. Scalds 
and Bums^ Frost-bite, Chilblains, Sprains, Broken Bdnes, Betit 
Bones, Dislocations, Ruptures, Piles, Protruding. Bowels, Wet- 
ting the Bed, Whitlow, Boils, Black-heads, Ingrowing NaUs» 
Bunions, Corns, Sty in the Eye, Blight in the Eye» Tumours uk 
the Sydids, Inflammation on. the Surface of the Eye, Pustules 
on the Eye, Milk Abscesses, Sore Nipples, Inritable Breast, 
Breathing, Stiflmg, ~Ch<Adng, Things ia the Eye, On ]>rees, 
Exercise and Diet of Children, Bathing, Infections, Obseryations 
on Yeafilation. 



EOirSEHOlD HEBICIHE. 

In. one Tolume, 12mo. ITBifbrm with, and a companion to, 
the aboTO. (In immediate prepaxatien.) ' ^ 
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THE IVOTCIOPEDIA OF 0HE1D8TET, SSA0XI- 
C AL AKD THSO£ETIOAL : 

Efflbimciag it9 application to the Arte, Metallur^, Minecalogy, 
Geology, MedieiAe, and Phannaoj. By Jakwi 0. Booth, Maltar 
and lUfiner in thf United Statee Mini; Profeisor ol. Applied 
Chemistry in the Franklin Institute, etc.; assisted by Campbell 
MoKiiT, author of ** Chemical ManipnlationB," etc. Complete 
in one Tolwne, royal octavo, 978 pages, with ntiinerotis wood 
outs and other illustrations. $5. 

It eoT«N the iriiol« Itold of ChnOMttf M applied to Arts and EAmoM. « « « 
Am no library Is eomplete-without a oommon dictloBary, it is also ova (^nion 
Ifaat IMIM esn U irithoat thii Knorclopedia of Ch^mist^.—SmBrUffie American. 

A work of time and labour, and a teeasary of chmminai baiarmMkm r-^mih 



By flo* the beat manual of the kind which- has been p r sae ntod to the Amert- 
•an pabUew— Batton Cbvrier. 

An UiTalnable work <br the dissemination of sound practical knowledge.— 
Zedier, 

A treasmry «f «ihe«ieal Infcnnatita, including all the latest and moetimport- 
ant disooTeries^-ifiaWiNore. ^DMHeon. 
At the first slanoe at this massive Tolnme, one is amazed at the imoiint^ 
[ AunSned in its eompact 4ieiMU pag«s> *bo«t one thousand In nnmber. 
examination shows that erery rage ia riehly stored With infima*- 
. ._-... .- .. ^ .-.*_ ithom have ooTBred a wide field, "" 

Is eiaboratelT, bat Intelligibly, described. The whole science of Chemistry 



(MdlKAi 

AfDrtBer , , ^ . 

tton, and that wliiie the Uboiirs of tibe antbon hare ooyered a wide field, they 

have ' ' " ■ " 



have ne^leet^ or slighted nothing. Erery chMoical term, aubi 
eeee Is elaboratelT, bat intelligibly, described. The whole scien 
la placed before the reader as fully as is praeficabVs with a sctenoe continually 
progressing. * * Unlike most American works of- this elass, the aathon have 
BOi depended apon any one Jhir^pean W4^rk fbr their materials. • !rhey hare 
gathiffed theirs firom works on Chemistry in all languages^ and in all parts of 
Knrope and America; their own experience, as practiou chemists, being eyer 
read/ to settia doubts or reconcile conflicting aathbriUes. The ftult of so mnch 
tofl is a work thatlmiut erer be an l^nour to American Qt^eoo^-^J^vmiam 9ut' 



RKfOKEBT; ITS XAHUI'ACTnBE AIH) VSE: 

With Jnstmctions in every branch of the Art, and Beei^plv 
for tkll the Fashionable Preparations ; the whole fbrming a Tain- 
able aid to the Perftuner, Druggist, ' and Soap Manufactarer. 
Illustrated by numerous Woodl-cute). From the French of Cel- 
nart, and other late authorities. With Additions and Improra^ 
meitt«i>y Camp^ik^ MoBnt, one ef the S£torg of the *' Ency- 
clopedia of Chemistry.^ • In one Tolume, 12mo., cioth. $1; 
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A TXEkTOat OS A BOX OF DTSTRXnEBllS, 

And the Subb Bitlb, irith. ilie "Theory of Trigonometry tad 
Iiogftrithms, including Practical G^metry, Surreying, Measur- 
ing of Timber, Cask and Malt X]lauging, Heights and Distances. 
By Thomas Ksmtish. In One Volume, 12mo« (In press.) ' 



STEAM FOB THE lOLLIOH. 

An Elementary Outline Treatise on Ihe Nature and Manage- 
ment of Steam, (und the Principles and Arrangement of the 
Engine. Adapted for Popular Instruction^ for Apprentices, and 
for the use of the Narigator. With an Appendix containing' 
Notes on Expansive Steam, &c. In One Volume, 8yo...37i.ctB« 



STLLABUB OF A COMPLETE COTJBBE OF lEC- * 
TUBES OV CpCBMISTBT: 

Including its Application to the Arts, Agriculture^ and Mining, 
prepared for the use of tl^ Gentlemen Cadets at the H<m. E. I. 
Co»> Military Seminary, Addiscombe. By Professor E. Solly, 
Lecturer on Chemistry in the Hon. £. I. Co.'s Military Seminary. 
Beyised by the Autiiior of <' Chemical Manipulations.*' In one 
Tolume, octaTo, cloth. $1.26^ 

The present work H deiigned to oooupy % ▼aoant plaoe in the libraries of 
Chemical tott-books. It la admirably adapted to the wants of both Tm&caxR 
ahd pupil; and will be found eapedally oonyenient to the latter, either aa a 
tompanion in the classroom, or as a remembrancer in the stndy. It giTea, at 
» glanee, nnder ^)propriate. headings^ » dassifled fiefW of the whole science^ 
whi(^ is at the same time compendious and n^nutelj accurate; and its wide 
murginB aJBTord sufflcieni blank q>ace for snch manuaoipt notea-aa tha stfadept 
may wish to add during leotuiss or recitations. . 

The almost indispensable adyabtages of such lan hnpreaslTe aid to memory 
are evident to every student who has used one in other branches of study. 
Therefore, as there is now no Chemical Syllabus, we have beea induced l^ tlia 
excellencies of this work' to recommend its republication in this cotintry ; i^n- 
fldent that an~ examination of the contents will produce faU coBTiotion of ita 
intrinsic wortb aixd usefalness.—J^iJitor't Pr^act, 



10 
SIBCTS0TTFE XAVIFITIATIOV: 

Being tibe Theory and Plain InBtractionfl in tlie Art of Worldng 
in MetaU, by Precipitating them from their Solutions, thi^ng^ 
the agency of Galvanic or Yoltaio Electricity. By Craelxs V.- 
Walksb, Hon. Secretary to the London Electrical Society, etc. 
niostrated by Wood-euts. In one Tolnme, 24mo., cloth. From 
the thirteenth London edition. 62 cts. 

■ ^ 

PHOTOGEHIO HASIBULAXIOVi 

Containing the Theory and Plain Instructions in the Art of 
Photography, or the Productions of Pictures through the Agency 
of Light ; including Calotype, Chrysotype, Cyanotype, Chroma-' 
type, Energiatype, Anthotype, Amphitype, Daguerreotype, 
Thermography, Electrical and GaWanic Impressions. By 
Gsoaai Thomas Fishsk, Jr., Assistant in the Laboratory of .. 
the London Institution. Illustrated by wood-cuts. In one yo- 
Jume, 24mo., cloth. 62 cts. 

MATmiKATICS FOB PEACTICAL MEF: 

Being a Common-Pl»ce Book of Principles, Theorems, Rules, 
and Tables, in yarious departments of Pure and Mixed Mathe* 
matics, with their Applications.; espiffiially to the pursuits of 
Surveyors, Architects, Mechanics, and Civil Engineers, with m>f- 
merous Engravings. By Olinthus Giugobt, L. L. P. $1«60. 

Only let men ftwake, and fix their ejea, ea« while on the nature of thinssi 
aaotlier whUe on the appUoaOon oftbem. to the nee and serrlce of mankind. 
•^Lord Bacon, 



AX SLSMENTART COTTKSE OF IlffS TBTTCTIOH 
OV OBDITAKCE AND ainonSBT: 

Pknepared tor the use of the Midshipmen at the Naval School. 
By Jambs H* Waajd, U. S. N. In one volume, octavo. $1.50. 
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ffiBBFjprSBAHSBT IH TBB BOTTH: 

Comprising a Treatise on tlie AoelimatioA of Sheep in tlie 
Sontheni States, and an Aecount of the different Breeds. Also, 
1^ Coinplete Mannikl of Breeding, Summer and Winter Manage- 
ment, and of the Treatment of Diseases. . Witii Portraits and 
other ninstrationi. By Hsn^t J3. Babda&l, . In One Volume, 
octaTO..., ^.«» ^ L»^ ....i»..,...$1.25 



ELWOOFS O&Anr TABLES : 

Showing the value of Bushels and Founds of different kinds 
of Grain, calculated in Pederal Money, so arranged as to exhibit 
mpon a single page the Taloe at a given prioe4rom tm penis (0 two 
doUan per bushel, of any quantity from onejfowid. to ten thousand 
kiishele. By J. L. Elwood. A new Edition. In Otoe Ycdume^ 
12mo , $1 

To MUl«n «iid Ftodnae Dmlen tU^ .liprk Is pxonoaiMed }a aU who hAT« it 
in QiB, to w mytxiot in aRBitgeiiMiit toaur work of tbt kind pnbHilud~«nd 
unerring aecuracg in t»cry oalcvlation ntaff be reUedvponineeetf inttanoe. 

4^ A fvnKd.<alTwm.tW'4m DoOMn I* oAredfrr sa anw of «m oont fnuid 
iatlMirork. 



inSS IXSIIE'B COMPLETE COOEEBT. 

Directions for Cookery, in its Various Branches. By Miss 
LiBLia. Forty^-second Edition. Thoroughly Revised, with the 
Addition of New Receipts. In Ovie Volume, 12mo, half bound, 
or in sheep ^..... $j 

In prepftring a now and oaceftilly xaTiaed edition of this ny flrat wark on 
eaekery, l faaTO tntrbdt(oed improTements, corrected errors, «nd added new 
TCoel]ytg^ fliail trofit will on trial bo fbund aaMsCMtoiy. The aaooeu of ttn 
%ook (prored hj its immwniia and increaaing drculation) aJS^nda eonclnaire ovi* 
denoe that it has obtain^ Ihe approbation of a larse number of mj country- 
women; many of whom have infiMrmed jna that it has made praotloal hon^o* 
wiTea of young ladies who have entered into married lift with no other «oquirei> 
mamtm lean a ftw ahowy aoaompUahoMBts. G«ntleaiea, also, baye told oa of 
g»eal improvementa tai the ftmNy table, after preaentfaag th^ wives with thla 
manna) of dcmastie oookaiy, and tha^ after a moraing devoted to the fttiguea 
of business, they no longer find tfceauetras aubM^ to the samoyanea^xr an 
ia-4ieased dinner.^iV^^o& 



Kss LEsioratwo suNiotED B»MPTS nr 

7BBNCH COOEEET. 

A new Sdition, ia eloth ^.^ k..;.86alf. 
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TABZJB or LOaASUmn lOEBVOXIBRBS AXD 
■AOUUIlSn: 

CoiiityaiBg the Loguitkai of the Natnnl Numben, from 1 to 
»00000, by tlie Mp of Proportioiud IHlTereiiees. Ab4 Lo|a« 
rithmio Sines, Godnes> TtngentSy Go-tangents, Seesnts, and Co- 
Moants, for erery Degree and Minnto in Ae Quadrants To 
whidi are added, Differenees for ererj 100 Seeolids. By OurxK 
BTUn, OiTil, Militaiy, and Mechanical Eng^lneer. In One 
Volume, 8to. doth.^ —..•. $1 



TWO EUHDBED I1E8I0VS FOE OOITAGBB AMD 
YIIiLAS, fte. te. 

Original and Selected. Bj Thomas V. Waltib, jlreliiteet of 
Girard CoUege, and Jomi Jat Smith, Librarian of the Phija- 
deli^Ua library. In Fonr Parts, qnarto $10 



ELBKEHTABT FBIVCIFLES OF CABFEHTST. 

By Thomas TmnDOOLD. In One Yolmney qnarto, with nnme- 
rons Illustrations ^ $2^ 

A ISEAXXSE OH BBEWIEO AID SISTZLLDrG* 

In One Volimie, 8to. (In press.) 



FAKILT ESOTCLOFEiaA 

Of tTseftd Knowledge and General literatore; coatuning 
abont Four Thousand Articles upon Sdentific and Popular SuV 
jeets. With Plates. By Johh L. Blaki, D. D. In One Yolnme, 
Svo, ta31 bound *« $6. 



STBTB MATIO A EEAEGEMEHT OF C0KB*8 tOffr^ 
UrSTITUTES OF THE LAWS OF EEOLAED. 
By J. H. Thomas. Three Volumes, 8to, law sheep $12 

Air Acooxnrr of some of the kost imfoet- 

AET diseases OF WOKEE. 
By BoBBBT OoooH, M. D. In One Volume, 8to, sheept..$l«^ 
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STANDARD ILLUSTRATED POETRY. 



THE TALES AHS POEMS OF LOBS BTBOV: 

niustrated by HsmtT Wabbbk: Id One Yoltnat, royal 8to. 
with lOPUtes, Murlet doth, gUt edgca ^ |5 

-h 



M oroooo extra. 

It it Ulnrtrated . 
Wabrh^ apd ia » most aplendid work ibr 



It it illustrated by mrtml elegant vngniTlngt, from original dMlgiit 1^ 
^ r the jparlour or study.— A»i(oi»'Ai«tmv 



CHILDE HABOLB; A BOMATTHT BT LOBB BTEOH: 

IlluBtrated by 12 Splendid Plates, by Wabbbn and others. In 
^ne Volume, royal 8yo., oloih extra, gilt edges. |6 



Moi^>ooo extra 

Prfaitc 
thasort 



Printed In. elegant strle, with niendid pfatorMi, Ikr snperior to any thing of 
usually found in books of this kind.— i\r. Y. Oountr, 



THE EEXALE POETS OF AHEBIGA. 

By Rurus W. Gbiswold. A new Edition. In One Yolnme, 

royal 8yo. Cloth, gilt $2.50 

Cloth extra, gilt edgei.^ $d 

Morocco super extra „,i* < $4.60 

The best produoUon which has yet oome from*lbe pen of Br. Griiwolis and 
the most TUiiable oontrlbutioli vhkh he hat eter made to th» Ittenry oekfteity 
of the oountry.— JV. T, 2M&tine. 



THE LADY OF THE LAXE: ' 

By Sift Waltsk Scott. Qhutrated with 10 Plate«, by Cob- 
»0VLS and Mbaaows. In One Yolumey royal 8to. Bound in 

doth extra, ^t edges. > $5 

Turkey morocco super extra $7 

This is one of the most truly beautUiil books which hat eter iatuod from the 
AmerioaB press. 



LALLA BOOKH; A BOILUVCE BT THOMAS KOOBE: 

niustrated by 13 Plates, ftfom Designs by Cobboitli>, Mba- 
Dowf^ and STXPHANorr. In One Volume, royal 8to. Bound in 

cloth extra, gilt edges ^ :....^...f5 

^rkey morocco super extr^ % $7 

This it published in a style uniform with the « lady of the Lake.* 
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IHK POBnOliL WOBKB 07 THOMAS G2A.T : 

With DluBtratioDB by C. W. Radoliti. Edited with a Memoir, 
by HiHBT Riu>, Professor of Englith Litentore in the Uni- 
Teni^ of PenniylTftiii*. la One Yolnme, ^to. Bound in oloth 

extra, gilt edges « |8.60 

Tnrkaj moroeoo enper extra....^ ,..,.,$&60 

It if wumj % 4aj dnet ir* huf m&n iMMd ftma Um pnM of ewr c walr j • 
vohMM to cooipWU aad tralj •tafuat te •vary iwpMt Tb» ^imomplHr it 
IfealUoM^ tb« iUiuteatioiu raperior, uid the MndlBf Baper1>.— 3Vm 1^. 

We bave not leeB e neeineii of typogrftpbieal Twraiy from the Ameikan 
yiew wbieh eu sorpeM thiiToIiime In eholoe elegmnee.— JBMMi Ctavier. 

It Is eonlBentiy oMeniatad td eooeeente MBong Amertoea reederi, (If they 
bftT* not beeo eeaeecnted already in their hearti,) the parak the elegant, tlie 
refined, and, in many iM^eetib the aoblime ftni^ninii of THOiiii Gbat^— 

Sm^, 



XHB POKnC AL WOKES OF HEITRT WABSWOBXH 
LOVGTELLOW: 

niiutrated by 10 Plates, after Designs by D. HuirrniaDov, 
irith a Portrait Ninth Edition* In One Yolome, royal 8to. 

Bound in oloth eztns gilt edgee. •« |5 

Moroooo super extra , $7 

This it the very loxnry of Uteratnre— tenomLOfW^ ohannlng poeat pia* 
•nttd in ft tem of untorpattid heaaty^^AteTf Ouitfi* 



POSTS AMD POBTET OF BVOLAN]) DT THE HIBS- 
TSEHTH CBHTimT. 

By RuTus W. QnnwouL XUnstrated. In One Yolnme, royal 

8to. Bound in oloth .' $3 

Olotii extra, gilt edges..... ....$d.60 

Motfoeoo super extra..A »< .$5 

Boeh la the eritioal aevmen disoovered in tbeie teleetioDa,that aearoely a pa|a 
letb be inmd bat It redolent with beantlea, and the rolane Ittelf may be r^ 
carded at ft galftxy of Utefftxy pearla.— Jtanofiratic Aatet. 



THX TASK, AHS OIHEB FOSKS. 

By WiL^UM Gowpsn. Illustrated by 10 Steel EngvaTings. 

In One Volume, 12mo. Cloth extra, gilt edges..... .£2 

Moroeoo extra... w... $2 

*< The lllattifttkiM in thU edition of Oowpar an flMtt aiEqvltltely deticD^ 
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ISB TEKALS POEIS OF OSEAT BBHAIV. 

With Copious SeleotioBfl and Critioal Remiurks. By Fbidsbiq 
KowTON. With Additions hj An American Editor, and finely 
engraved Dlustrations by celebrated Artists. In One Volnme, 

royal 8to. Bound in cloth extra, gilt edges.r f5 

Turkey morocco f7 

Mr. Hoirroir bsa j n mnitA xm srith tdmirablj ntelwl 0peeim«iM of nearly 
one hundred of the moct oelebrsted female poets of Qnat Britain, flpbm the 
time of Lady Jvliana Bemee, the first of whom there is any reeord, to the 
Mitlbids, the Hewitts, the Cooks, the Barretts, and otfaecs of the prsMBt dajw— 
JBimf t Jjerctewti* Magatime, 



gPECDIEVS OF THE BBIUBE POETS. 

Fr6m the time of Chancer to the end of the Eighteenth Oen- 
tory. By Thomab Campbbll. In One Yohime, royal 8to. 
(In press.) 



THE POETS AHD POETRY OF THE AHOIEHTS: 

By William Pbtbb, A. M. Comprising Translations and 
fifpecimens of the Poets of Greec<i and Borne, with an elegant 

engrayed View of the Coliseum at Rome. Bonnd in cloth <$8 

Cloth extra, gilt edges ,. , $3.60 

Turkey morocco super extra ^ $6 

It is withoat fear that we say that no sneh exoellent or complete eolleetlon 
hn eyer been Bud«b U is nade frith «kiU, tarte^ »nd Jndcnenb—CteiisiCM 



THE PPE33CAL W0BK8 OF H. PABXEB WnXIS. 

niustraied by 16 Plates, after designs by E. Lsittzb. In One 
Volume, royal 8to. A new Edition. Bound in. cloth extra, 

gilt edges ^..... |5 

Turkey morocco super extra .....f7 

This U one of the most heantiital works etar pabllshed hft this eountrjr^ 
Courkr and Inquirer, 

Pure and perfect in sentiment, often in expression, and many a heart has 
been won from sorrow or roused from apathy Iqr his earlier melodies. The 
illnstrations are by Lkut»<— a sufflcient guarantee fer their beauty and graee. 
As for the typographical exeention of the Tolume, it will bear comparison with 
any BngUsh book, and quite surpasses most issass in Amerioa.— JViMTs Ooeetts. 

The admiiem of the poet eofQld not bare his gems ia a batter Ibra for hoU 
4«y presents.— H^ (hatirunL 
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MISCELLANEOUS. 



ADVEHTUBBS OF OAITAZS tOKOM SV008; 

And other Sketches. By Jormom J, Hoopib. With fflnstra* 

tioBs. 12mo, paper 60cts. 

Gloth 62ct8. 



ATJBT PATTTB 80&AP-BA0. 

Bj Mn. CABOLm Lis EMnrs, Amthor of ••'linda.'' Iteo. 

Paper ooTors^..^ »• •^....,..6Oet0* 

Cloth , ^ *..62ota. 



HO BIAB OP ABKAVBAS; 

And other Western Sketches. £dit^ bj W. T. Pobtss. In 

One Volume, 12mo, paper SOets. 

Cloth ^ 62 ots. 



cone BLACXSTOVE. 

Bj GiLBntT Abbot ▲* BaoKBT. ninstrated. Complete In One 
Volume. Cloth 76ct8. 



GHOST BTOBXES. 

ninstrated by Dutgns by Dabibf. Ib Obo V<4nBie, l^mo, 
paper ooT«r8..,..........« •,.•........ • • dOets. 



XODERV CHZ7ALBT; OB, THB AD7EBTUBES OF 
CAPTAUr FABBAOO AHB LEAGUE O^BEGAE. 

By H. H. BBAOKBHBinoB. Second Edition sinoe the Author's 
death. With a Biographical Notice, a Critical Disquisition on 
the Work, and fixplanatory Notes. With ninstrations, from 
Original Designs .by Dablbt. Two Tohunes, pi^er covers il.OO 
Cloth or sheep $1.26 
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OOaPLKEE W0BX8 OF lOBD BOUircnROKI: 

With a Lif«, preparod expressly for- this Editioii, oontaaning 
Additional Information relatiye to his Personal and Public Char 
racter, selected from the best authorities. In Four Volumes, 

8to. . Bound in olotb. , $6.00 

Id sheep 7.60 

CHBOHICIES OF PHVEYILLE. 

By the Author of <*M%)or Jones's Courtship." Blustfated \>j 

pAftLXT. 12mo, paper 60 cts. 

Cloth., 62 Ota. 



GILBERT OUBHET. 

By Tbsodoai Hook. With Dlustrationri. In One Volume, 
~8to., paper ^ '.\ 60 cts* 



XEHODLS OF TB[E 0EHERAL8, COMKODORES, 
AHS OTHER COMMANDERS, 

Who distinguished themselTcs in the American Army tad 
Nayy, during the War of the Rerolution, the War with France, 
that with Tripoli, and the War ofl812, and who were presented 
with Medals, by Congress, for their gallant servloes. By Thohas 
Wtatt, a. M., Author of << History of the Kings of France." 
Illustrated wiUi Eighty-two Engrftrings from the Medals. 8to. 

Cloth gilt I .....i $2.00 

Halfmorooec. ,.,^ • $2.60 



OEMS OF THE BRITISH POETS. 

By S. C. Hall. In One Volume, 12mo., cloth $1.00 

Cloth, gilt ^ $1.26 



VISITS TO REMARKABLE PLACES: 

Old Halls, Battle Fields, and Scenes -Hlustratiye of striking 
passages in EngHah History and Poetry. By William Howitt. 
En Tiro Volumes, 8yo, cloth $3.60 
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VISKATIVB OP THI ABOnO LAIS SXnEBITIOV. 

Bj Oaptaxv Baok« &. N. In Oiu Voliini*, 8to, board8.«.$1.60 



XHE HBOELLAHSOTS W0BK8 OF WIUIAK 
EAZUTT. 

Inolnding Table-talk ; Opinions of Books, Men, and Tilings ; 
Lectures on Dramatic literatnre Q(t the Age of Elisabeth ; Leo- 
tores op. the English Comic Writers ; The Spirit of the Age, or 

Contemporary Portraits. Fire Volumes, 12mo., cloth .fS.OO 

Half calf , ^ $6.26 



FLORAL QFFEBIHO. 

A Token of Friendship. Edited bj Frahois S. Osgood. IIliu- 
trated bj 10 beantiM. Bouquets ef Flowers. In Cue Volume, 

4to, muslin, gilt edges |3.60 

Turkey morocco super extra |$.50 



THE HiaTOSIOAL E88AT8, 

Published under the title of <*Dix Ans D'Etude Historique,** 
and Narratives of the Merovingian Era ; or, Scenes in the Sixth 
Century. With an Autobiographical Preface. By Augustus 
Thiibbt, Author of the '* History of the Conquest of England 

by the Normans.'* 8to., paper « 75 cts. 

Cloth ^ ^ $L00 



BOOK OF THE fiSASOHS; 

Or, The Calendar of Nature. By William Howitt. One 

Volume, 12mo, cloth .., il 

Calf extra .,. ^ $2 



ncKnros fsok t bos ^^ fobtfolio of the b e- 

FOBTEB OF THE HEW 0BLEAH8 FICATUHE." 

Comprisbg Sketches of the Eaet^n Tankee, ike Western 
H^^oBi^r, and such others as make up Society in the great Me- 
tro]) n Us of the South. With Designs by Daslit. ISmo., 
p4tipc*r ..•• •*.•.•... .••.•^••••••••••••••••■.••.•50 ets. 



k 
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VOCES OF A TEAYULES 

<^ tlM Sodal and Political Btat« of France, Prosna, Switzer- 
landf Italy, and other parts of Europe, during the present Gen- 
torj. By Samobl Laiho. In One Volume, 8to., clothe $1 



mSTOKT OF THE CAPTTVTTT OF NAPOLEON AT 
8T. HELENA. 

By QiirnLAL Coxncr Montholqn, the Emperor's Companion in 
Exile and Testamentary Executor. One Volume, 8yo., cloth, $2.50 
Half morooco ^ ^ 1 ^ $3.00 



XT SHOOnNG BOX 

By F&Amc Fokbxsteb, (Henry Wm. Herbert, Esq.,) Author of 
••Warwick Woodlands," so. Wth Hlustratioiis, by Dablbt. 

One Volume, 12mo., cloth .^ 62ct8. 

Paf«r«o¥eni « 60 ets. 



XYBZEBIES OF THE BACEWOOPS: 

Or, Sketches of the South-west — ^including Character, Scenery, 
»nd Rural Sports. By T. B. Thobpb, Author of " Tom Owen, 
the Bee-Hunter," &o. lUustrated by I>a|llbt. 12mo, eloth, 62 cts. 
Pi5>er ^.60cti. 



NABKATIVB OF THE LATE EXPEDITION TO THE 
SEAS SEA. 

Fki>m a Diary by one of the Party. Edited bj Edwabd P. 
Momtaoub. IsSaao, doth..,.....* »*. $1 



XTSBEAMS: 

A Colleotion of Poems. By Mrs. LotnaA 8. MoCobd. 12mo, 
iMkardi... ^ ^..^ ^ 7&ot8 



AMERICAN COHESIES. 

By Jambs E. Paulding and Wm. iBviNa PAULDiira. One 
Tolum«,16»o, boards...*. M^ttB. 
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EAMBLBS nr TVCATAV; 

Or, NotM of TraTol through the Poninrala: inoladiiig » Visii 
to the Remarkftble Rains of Chi-chen, Kabah, Zayi, and UxmaJ. 
With numerous Illastrations. By B. M. Nokmav. Seyenth Edi- 
tion. Im One Volume, ootayo, cloth....^ ^ $2 



THE AXEBIOAK IH PAXUL 

Bakdirsok. a New Edition. In T^ 

ifi to tbe mott animated, gramful, and Intelligent tketcli of French maa- 
^ or any otber, that tra have had for thaaa twantj 7-jn^Lomdon MmOig 



Bj JoHV Sakdirsoit. a New Edition. In Two Volumes, 
12mo, oloth $1 



KOBnrsoir ceitsob. 

A Complete Edition, with Six Illustrations. One Volume, 

8to, paper ooTors , .....^ $1.00 

Clothf fplt edges. ••••• ••••• ••••••••• •••••• •>!• •••••««•• •••m.2B 



SCENES nr THE EOCKY MOUHTAIHS, 

And in Oregon, California, New Mexico, Texas, and the Grand 
Prairies ; or, Notes by the Way. By Burus B. Saok. Second 

Edition. One Volume, 12mo, paper coTers 60 ots. 

With a Map, boundin oloth * ^........7^ ots; 



THE FITBIZO HEV 07 THE EETOLHIXOir: 

Including Events from the Peace of 17d8 to the Peace of IS16, 
In a Series of Letters. By the late Hon. Wm. QvuJYXSi JJj. J>, 
With a Biographical Sketdi of the Author, by his son, John T. 
8. SuLUYAN. With a Portrait. In One Volume, 8yo, oloth... $2 



ACHIEVEMEHTS OP THE XNIOHTS OP KALTA. 

ByALBXAVDB&SvTHBBLAHD. InOnoVolume, 16mo,cloth, $1.00 
Paper 75ot8. 



ATALAHnS. 
A Poem. ByWiLLiAKOiLMOKiSuois, 12mo, boards, $7tBtt. 
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- LITBI OOP 1DEV OF LETXEB8 AID 80IEVCE. 

By HxHBT LoBP Biu>i7aHA]c. Two Yolames, 12mo, oloth, |1.60 
Paper $1.00 



THE JJFEt LETTESS, AND JOUBITAIS OF LOBD 
BTBON. 

Bt Thoxab Moou. Two Volnmea, 12ino» eloth $2 

THE BOWL OF PUHCH. 

niustrated bj Numerous Plates. 12mo, paper 60 otft. 

CfHTTiDTlETT DT THE WOOD. 

niustarat^d by HAJtyix. 12mo» olotb* gat.^^^.^...M.60 eli. 
Paper 26otB. 

CHABCOAL SKETCHES. 

Bj JosBPH C. NxAL. With Dlustrations. 12mo, paper, 25 ots. 

THE POEXS OF C. P. CBAHCqi. 

, In OneVolamey 12mo, boards.....; ..87ct8. 

TBK WOBKS OF BEH J. DISBAEU. 

Twa Volumes, 8to, cloth .-. |2 

Paper eorers. ^ $1 

NATUBE DI8PLATED IH HER MOia OF TEACH- 
DTG FBENCH. 

By N. G. Dvnur. Two Volumes, 8to, boards $6 

VATUBE DISPLAYED IH HEB MODE OF TEACH- 
DTG SPANISH. 

By K. G. Purm. In Two Volumes, 8to, boards! $T 



niZVCH AVD SVOUSH DICnOVABT. 

Bj K. 0. DuFiiF. In One Yolnme, STo/alieep $6 

7B0ZS8ABT BALLADS ASD OIHEB F0EK8. 

Bj Phxuf Pbhpuioh Gookb. In On« Volume, 12mo, 
boarda ^ ..60ot8. 

THE LIFE OF BICHABD THE TSIED. 
Bj ICisi Hautsd. In One Volume, 8to, cloth $1«60 

THE LIFE OF VAFOLEOV BOVAPABTE. 

By William Haiutt. In Three Vdnmes, 12mo, eloth $8 

Htlf celf....^ $4 

TBAYELB IB GEBXABTi BT W. EOWITT. 
8788*8 HABBAHTE. BUBHE*S CABOOL. 

In One Volume, 8to, cloth $1.26 

STUDENT-LIFE IB GEBKABT. 

By WiLLiAii HowiTT. In One Vdnme, 8yo, cloth $2 

DtAGE OF HIS FATHER. 

. By Mathbw. Complete in One Volume, Sto, pa.per.»..25 eta, 

SPECIMEBS OF THE BBITISH CBTTICS. 

By Chbistophib North (Profesaor Wilson). 12mo, cloth. 76 eta. 

A TOUB TO THE BIVEB SATIGEVAT, IB LOWEB 

OABADA. 

By Chables Lanman. In One Volume, 16mo, doth.... 62 eta 
l*»per ..60 eta 



23 

m&TBLS nr AinSTRIA, kttssia, scotiavd, 

ENGLAHS AND WALES. 

By J. G. Kohl. One Yolnine, 8to. oloth » $1.26 

LITE OF OIITEB GOLDSHITH. 

By Jamxs PttOB. In One Volume, 8to, boards .2 

QUE AEMT AT MOBTESET. 

By T. B. Thospk. 16mo, oloth....; 62ct8. 

Paper ooTers • 60ct8. 

OUE AEMT ON THE BIO GSAHDE. 

By T. B. Thobpb. 16mo, cloth 62ct8. 

Paper corers 60ct8. 

LIFE 07 LOBEVZO DE HEDICI. 

By William Boscoi. In Two YolnmeB, 8yo, dq^ $8 

mSCELLAHEOTTS E8SATS OF SIE WALTEB SCOTT. 

In Three Volumes, 12mo, cloth |8.60 

Half moroec0.... ^ ^..'...|4.26 



SEEMON ON THE MOXTIIT. 

Illuminated. Boards $1.50 

" Silk , |2.00 

" Morocco super $8.00 



MISCELLANEOUS ESS ATS OF THE EEV.STDNET 

SMITH. 

In Three Volumes, 12mo^ cloth $8.60 

Half morocco ', : ,...$4.25 

MBS. CAUDLFS CURTAIN LECTURES 12Jot8. 
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HBXOn BT THE BEV. 8TSSST SMRBl 

On* Volimi*, 12iiio, «lotli ^ 76eli. 

WTBORT.T.ATIEOTO BS8ATB OF SIB JAMB8 

sTEPmor. 

OneVoliim*, 12mo, doth. $1.25 

THBEE E0UB8; OB, THE yiOIL OF LOVE. 

A Yolume of Poems. Bj Mb«. Haio. ISnio, boards... 75 eta 

TOBLOOE OmiEV: 

A Tele of the Wan of King Jemee. 8to, paper eoren 121 ots. 
Bliistrated ^ « 87Jote. 

AM AUTHOB^S IUHL. 
Edited bj M. F. Juppkb. One Yolnme, 16mo, oloth....62 cts. 
Paper ooTors 60 cts. 

HUTOBT OF THE AEGUMAZOEa 

By Shakoh Tvbhbb. Two Yolnmes, 8to, cloth $4.60 



PKOSS WOBKS OF N. PABXEB WILLIS. 



In Ohe.Yoliiine, 8yo, 800pp., cloth, gilt •• ! »8.00 

Cloth extra, gilt edges 1 13.60 

Library sheep ! iS.60 

Turkey morocco backs .« \ )8.76 

" extra 1 ;6.60 



E[ISCELLAHEOTrS ESSAYS OF FBOF. WILSOE. 

Three Yolomes, 12mo, cloth. I $8.60 



WOBD TO WOMAV. 

By CABOLiira Fbt. 12ibo, cloth. 60 cts. 



WTATT'S HISTOKT OF THE EIEOS OF FBAECI& 

Illustrated by 72 Portraits. One Yolume, 16mo, cloth...|1.00 
Cloth, extra cplt $1.26 
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